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tv PREFACE.

a thorough revision of this work, and about one-third of it
had passed through the press when the present Editor took

charge of it.

1 have endeavored to do full justice to the original author
by preserving the essential character of the work, and retain
ing nearly all the matter which he had prepared ; still, I have
omitted a few paragraphs which were deemed non-essential,
and condensed others. 1 have also added considerable new
matter, which is scattered throughout that portion of the
work which I have had in charge. I trust that my labors
have added to the value of the work.

DaV.W
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ELEMENTARY COURSE

CIVIL ENGINEERING.

CHAPTER L
BUILDING MATERIALS.

L Sroxee IL Lmme. III. Louernzs. IV. Morrans
V. Cororeres AND Brroxs. VI. Mastics. VIL Briocx
VIIL Woop. IX. Merars. X. Painrts, Varnisaes
ETC.

SUMMARY.

BUILDING-MATERIALS, their properties, application, and classification
(Arta. 1-2),

L

S8TONE.

8rrrcrous SToNES —8ienite, Porphyry, Green-Stone, Granite and Gneiss,
Mica Slate, Buhr or Mill Stone, Horn-Stone, Steatite or Soap-Stone,
Talcoee Slate, and Sand-Stone ( 3-16).

ARGILLACEOUS STONES —Roofing-Slate, Graywacke Slate, and Hornblende
Slate (Arta. 17-20).

CAILCAREOUS STONES, —Common Limestone. MARBLES. —Statuary Marble,
Conglomerate Marble, Birdseye Marble, Lumachella Marble, Verd
Antique Marble, Veined, Golden, Italian, Irish, etc., Marblea. Localities
where the Limestones and Marbles are found and quarried for use (Arta.
21-29), Gypsum (Art. 80).

Durability of Stone (Arta. 31-86).
Effects of heat on Stone (Art. 87).
Hardness of Stone (Art. 88).
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] CGIVIL ENGINEERING.
I1.

LIME.

OLASSIFICATION OF LIME.—Common lime, Hydraulis lime, Hydraulis
oement, Limestones that yield Hydraulic limes and Hydraulic oe-
ments, Analyses of these stones (Arts. 39-49). Physical characters and
tests of Hydraulic Limestones (Arts. 50-35). Calcination of Lime-
stones (Arts. 56-60).

III.

LIMEKILNS.

OLASSIFICATION AND KINDS OF (Arts. 61-77). Methods of reducing oal-
ained stone to powder; by slaking ; by grinding (Arts. 78-95). Arti-
ficial hydraulic limes and cements (Arts. (96-103). Puzzolana, eto.
(Arta. 104-114),

Iv.
MORTAR.

OLASSIFICATION OF (Arts. 115-116). Uses of (Art. 117). Qualities of,
on what dependent (Arts. 117-120). Classification of Sand (Arts, 121-
127). Composition of Hydraulic mortar (Arte. 128-184). Mortar ex-
posed to weather (Arts. 185-188). Manipulation of Mortar and Concrete
%Arh. 180-142). Betting and durability of Mortar (Arts. 143-150).

ry of Mortars (151-162).

. V.
OONCRETES AND BETONS.

CONCRETE OF COMMON LIME, MANUFACTURE AND UsEs (Arts. 154-157).
Beton, its composition, manufacture and uses (Arts. 158-161). Beton
Coignet (Arts. 162-166). Ransome’s artificial stone (Art. 167). Beton

méré (Arts. 168-183). Adhesion of Mortar to other materials
(Arta. 188-188).

VL

MASTICS.
MasrIcs, CoMPOSITION OF (Art. 187). Bituminous Mastio, Composition
and Manufacture of (Arts. 188-168).

VIL

BRICK.

PROPERTIES, USES AND MANUFACTURE OF (Arts. 100-209) Fire-Brick
(Art. 810). Tiles (Art. 211).
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20 OIVIL ENGINEERING.

Table of Foreign Hydraulic Cements, showing the relative
proportions of Clay and Lime contained sn them.

English, (commonly known as Parker's, or Roman cement). . . ...|55. 44.60
Fren ob, Emadc W Boulogne pebbies). ... veeesenennenren 64.00140.00
Do. 0. aveniieeer i ———— Zwlosies
Do (Baye) . ore 1.62/78.88

.................................................... .00'38.00

The hydraulic cements used in England are obtained from
various localities, and differ but little in the relative propor-
tions of lime and clay found in them. Parker’s cement, so
called from the name of the person who first introduced it, is
obtained by calcining nodules of septaria. The composition
of these nodules is the same a8 that of the Boulogne
found on the opposite coast of France. The stones which
furnieh the English and Frenck hydraulic cements contain
but a very small amount of magnesia.

45, A hydraulic cement known as natural Portland cement
is manufactured in France, at Boulogne, where the stone,
which is very soft, is found nnderlying the strata which fur-
nish the Boulogne pebbles.

48. The best known hydraulic cements of the United States
are manufactured in the State of New York. The following
analyses of some of the hydraulic limestones, from the most
noted localities, published in the Geolo%'cal Rgort of the
State of New XYork, 1839, are given by Dr. Bec .

Analysis of the Manlius Hydraulic Limestone.

.............................. 26.24
.......................... 18.80

Silioa and alumings. ....cocc0ececcees 18.50
Oxide of fron............. cescenssss 1.25
Moisture and 1088.....cc000c000000es 1.41
. 100.00

This stone belongs to the same bed which yields the hy-
draulic cement obtained near Kingston, in Upper Canada.
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36 OIVIL ENGINEERING.

They are in number about three hundred, each closed witk
a bell-shaped cover fitting over a rim or curb, and dipping
into sand.

The entire structure is of solid stone or brick masonry, and
covered with a roof.

The burning chamber is lined with fire-brick for burning
hydraulic cement.

T1. Caloination of the stone.—When the kiln i in opera-
tion all the doorways (Fig. 8) numbered from 1 to 14, from
left to right are kept closed with temporary brickwork, ex
cept two or three. Let the open ones be 1 and 2. The
burnt lime is drawn from No. 2, and raw stone taken in
at No. 1 and piled up in the burning chamber, leaving
vertical openings under the feed holes, and horizontal ones
under the mass for the circulation of air around the periphery
of the burning chamber.

When the kiln is going, all the compartments but two,
between each two consecutive doorways, are filled with stone,
in all stages, from the raw to thoroughly calcined.

“ Supﬁose compartments 1 and 2 empty, and all the others
filled. No.3 contains cement from stone put in 12 days ago;
No. 4 that from stone put in 11 days ago; and so on aroun
to compartment 14, which was ﬁlleg yesterday. Separating
No. 14 from No. 1 is a sheet iron partition, as nearly as
sible air-tight. This partition, called the cuz-gff, is movable.
Yesterday it was between 138 and 14; to-morrow it will be
between 1 and 2, and so on, being moved on onc compart-
ment each day. All the dampers are closed to-day except
No. 14; yesterday all were closed except No. 13; to-morrow
only No. 1 will be open. To-day men are removing burnt
cement from compartment No. 2, and others are setting raw
stone in compartment No. 1. Yesterday they were setting
stone in No. 14, and removing cement from No. 1. To-
morrow they will be removing cement from No. 3, and filling
No. 2 with raw stone ; so that every day the setting, drawing,
cut-off, and open damper advance one compartment. The
fires are in the centre of the mass, from the burnt cement ené
ronnd to the raw stone end ; say in compartments 7 and 8
to-day, 6 and 7 yesterday, 8 and 9 to-morrow, advancing one
compartment per day, like the drawing and setting.

“ The compartment that was in fire yesterday, say No. 6, 18
still very hot to-day, No. 5 less hot, No. 4 cooler, and so on to
No. 2, where the cement is cool enough to be handled, and
men are removing it from the kiln, wheelbarrows, or trucks
on portable railway tracks, being used for the purpose.
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56 CIVIL ENGINEERING.

Fourth. The sand is gauged by a register. The lime and
the hydraulic cement, the coloring matter, texture giver, or
any other material used, may be also fed automically, and the
machine once set by the inspector, the product is invariably
the same, besides saving the labor of a hand whose trustwor-
thiness is required to obtain good results. The continuous in-
troduction by small and regular guantities of the different

NW

— 1

. 16 rep a vertical section of the
mixing cylinder for beton coignet.

A, A, vertical guides for movable band.
E, E, short stationary arms,
G, G, movable band.

b, cast iron base, H, H, handles for lifting band.
¢, vertical shaft, 1, supply trough.

d, d, curved arms, L, scraper.

¢, ¢, helicoidal blades. N, revolving horisontal plate.
J, /. oycloidal arms. P, immovable bottom plate.

9, horisontal opening at the base.

substances, and the constant amount of the water supplied to
the sand, place the materials in the best circumstances for
producing, by proper action of the helices, an excellent result,



Digitized by GOOS[@



Digitized by GOOS[@



Digitized by GOOS[@



Digitized by GOOS[@



Digitized by GOOS[@



[ }'] CIVIL ENGINEERING.

concrete rammed well in around it; ordinary brick being in-
serted as ties to connect the interior and exterior portions of
the wall.

In the sewers and many public and private edifices recently
constructed in Paris of concrete, the proportions nsed were
one part in volume of lime, one fourth of one volume of
hydraulic cemeut, to five volumes of sand. It is stated that in
six or eight hours after beginning a given length of sewer the
centres can be safely removed ; and that, in four or five days
after a section has been completed, it can be opened for use.
For the construction of arches, the volume of cement used is
doubled.

Some of the buildings above referred to were constructed
with groined or cylindrical arched fire-proof floors, of spans
from nine to twenty-eight feet, the rise in each case being one
tenth of the sgan; the thickness of the arches, at the crown,
varying from five and a half to fourteen inches.

he crushing weight of this concrete is nearly fifty-four
hundred pounds to the square inch; the tenacity about five
hundred pounds.

162. An artificial sandstone, termed Béton-Coignet from
the inventor, is very extensively manufactured and used in
France for all building pu s, as foundations, walls, light
arches, etc. It sets and hardens in a comparatively short time.
Its constitnents are clean river sand from four tofive parts in
volume; common or hydraulic lime one part in volume;
hydraulic or artificial Portland cement from one-quarter to
three-quarters of one part in volume ; water variable, but only
enough to moisten the other materials and caunse them to
cohere. Coarse sand from one-twentieth to three-twentieths
of an inch in diameter is said to give the best results; the
finer sands requiring more care in the preparation of the
ﬁ(()increte and in packing it when laid to secure greater so-
idity.

1653;. In preparing the concrete the lime and sand are made
into heaps of about one cubic yard' in volume in alternate
layers of the two ingredients. Each heap is then worked up
dry with the shovel. In this state it is delivered by suitable
machinery, like that for raising grain, into the top of a pug-
mill of a eylindrical body formed of boiler iron. The revolv-
ing vertical shaft of the mill, which is driven by steam o1
animal power, has curved arms affixed horizontally to it, the
two lower arms being of sunitable forms to press the mixed
material downwards, and expel it through an aperture, where
it is received into boxes, or hand barrows, and conveyed te

]
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CHAPTER IL

816. WHATEVER may be the physical structrre of materials
whether fibrous or granular, experiment has shown that they
all possess certain general properties, among the most imag)r-
tant of which to the engineer are those of eontraction, elon-
gation, deflection, torsion, lateral adhesion, and shearing, and
the resistance which these offer to the forces by which they
are called into action.

ExpERMENTAL RESEAROHES ON THE STRENGTH OF MATERIALS,

1. Gexerar Depvorions FroM Exeerments. II. STRENGTH
or StonE. IlI. StrENeTH OF MORTARS AND CONORETES.
1V. Strexats oF TmuBER. V. StrRENGTH OF CasT IRON.
VI. SteeNnotH oF WrouanT IrRoN. VII. STRENGTH OF
Steer. VIIL. StrenNetH oF Copper. IX. STRENGTH oOF
oTHER MaTeRriaLs. X. LiNnrar CoNTrRAOTION AND ExpAN
810N OF METALS AND OTHER MATERIALS FROM TEMPERATURE
X1. ApursioN oF IroN Spixes 1o TiMBER.

SUMMARY.

L

GENERAL DEDUCTIONS FROM EXPERIMENTS.

proferties of solid bodies and the various experiments to test them
(Arts. 816-826).
IL

STRENGTH OF STONE.

Resistance of stone to crushing and transverse strains (Arts. 837-838).
Practical deductions (Art. 834).

Expansion of stone from inorease of temperature (Art. 885).
IIL

STRENGTH OF MORTARS AND OONCRETES.

Btrength of mortars (Arts. 836-840).
Strength and other properties of Portland cement (Art. 841).
8trength of concrete and béton (Art. 843).
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IV.
STRENGTH OF TIMBER.

Resistanoce to tensile strain (Art. 848).
Resistance to compressive strain (Art. 844).
Resistance of square pillars (Art. 845).
Resistance to transverse strains (Art. 846).
Resistance to detrusion (Art. 847).
Y.
STRENGTH OF CAST IRON.

Resistance to tensile strain (Art. 848).

Resistance to compressive strain (Art. 349-854).

Resistanoe to transverse strain (Art. 355-861).

Influence of form upon the strength of cast-iron beams (Art. 862-864),

Formulas for determining the ultimate strength of cast-iron beams of 1
above form (Art. 865).

Effect of horizontal impact upon cast-iron bars (Art. 866-867).

VL

S8TRENGTH OF WROUGHT IRON,
Resistanoe to tensile strain (Art. 868).
Resistanoe to compressive strain (Art. 869-873).
Resistanoe of iron wire to impact (Art. 878.)
Resistance to torsion (Art. 874).
VII
STRENGTH OF STEEL.

Strength and other properties of steel (Art. 875).
VIIL

STRENGTH OF COPPER.
Resistance to tensile and compressive strains (Art. 876-877).

IX.
STRENGTH OF OTHER METALS.
Btrength of cast tin, cast lead, gun-metal, and brass (Art. 878).

X.

JINEAR CONTRACTION AND EXPANSION OF METALS AND OTHEB
MATERIALS FROM TEMPERATURE.

XI.
ADHESION OF IRON SPIEES TO TIMBER.
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317. Al solid bodies, when submitted to strains by which
any of these properties are developed, have, within certain
limits, termed the limits of elasticity, the property of wholly
or partially resuming their original state, when the strain is
taken off.

318. To what extent bodies possess the property of total re-
covery of form, when relieved from a strain, is still a matter
of doubt. It has been generally assumed, that the elasticity
of a material does not undergo permanent injury by any strain
less than about one-third of that which would entirely destroy
its force of cohesion, thereby causing rupture. But from the
more recent experiments on this point made by Mr. Hodgkin-
son and others on cast iron, it appears that the restoring power
of this material is destroyed by very slight strains; and it is
rendered probable that this and most other materials receive
a permanent change of form, or set, under any strain, how-
ever small.

319. The extension, or contraction of a solid, may be effect-
ed either by a force acting in the direction in which the con-
traction or elongation takes place, or by one acting trans-
versely, so as to bend the body. Experiments have been made
to ascertain, directly, the proportion between the amount of
contraction or elongation, and the forces by which they are
produced. From these experiments, it results, that the con-
tractions or elongations are, within certain limits, proportional
to the forces, but that an equal amount of contraction, or elon-

ation is not produced by the same amount of force. From
the experiments of Mr. Hodgkinson and M. Duleau, it ap-
pears that in cast and malleable iron the contraction or elon-
gation caused by the same amount of pressure or tension is
nearly equal ; while in timber, according to Mr. Hodgkinson,
the amount of contraction is about four-fifths of the elonga-
tion for the same force.

820. When a solid of any of the materials used in construc-
tions is acted upon by a force so as to produce deflection, ex-
periment has shown that the fibres towards the concave side
of the bent solid are contracted, while those towards the con-
vex side are elongated; and that, between the fibres which
are contracted and those which are elongated, others are found
which have not undergonc any change of length. The part
of the solid occupied by these last fibres has received the name
of the neutral line or neutral axis.

321. The hypothesis usually adopted, with respect to the
circumstances attending this kind of strain, is that the con-
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upon the lower, in the direction of a plane making a constant
angle with the axis of the solid ; or else by sepa.raﬁn% into
conical or wedge-shaped blocks, having the upper and lower
surfaces of the solid as their bases, the angle at the apex be-
i&f double that made by the plane and axis of the solid.

ith regard to the resistance, it was found that they varied in
the ratio of the area of the bases of the solids. ere the
height of the solid was greater than six times the radius of
the base, rupture generally took place by bending.

395, From experiments by ME Hodgkinson, on wood and
other substances, it would appear that like circumstances ac-
company the rupture of all materials by compression ; that is,
within certain limits, they all yield by an oblique surface of
fracture, the angle of which with the axis of the solid is con-
stant for the same material ; and that the resistance offered
;vitbin these limits are proportional to the areas of the

ases.

326. Among the most interesting deductions drawn by Mr.
Hodgkinson, from the wide range of his experiments upon the
strength of materials, is the one which points to the existence
of a constant relation between the resistances offered by ma-
terials of the same kind to rupture from compression, tension,
and a transverse strain. The following 7ad tgivet; these re-

o

lations, assuming the measure of the crushing force at 1000.
Crushing ¢ Mean tensile force|MO8R transverse foros
DESCRIPTION OF MATERIAL. .qn‘“.f‘ “;'::_p" ;:rnnqum.lmh. mg‘rb:‘m&m
Timber.....ccceeeeenees 1000 1900 85.1
Castiron.......cccuueee 1000 158 10.8
Stone.....ccoocvenennsn 1000 100 9.8
Glass (plate and crown). 1000 128 10
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DESCRIPTIOX OF STONE.

llp-n. gravity.|Orushing w'ght

Aberdeen, (Mue€)......coecvveeecens eocscsssens .e
. Peterhead......... eecenanen [ ceeenee .

Dundee............. eteesececsessccasascntnans
D 1 tee teteseesnasens .
Derby (red and friable)......ce.vee.. tecesssees

Limestones.

Marble (white-veined Italian).. ........cccco...
Do. (whkite Braban?)..... thertestseacans
Limerick (dlack compact).. . oo ot
Devonshire (red mardle). .......cc.cvune..
Portland stone ( fine-grasned oolite)

473
8.70
2.83

433
4.11
8.95
8.81
2.04

The following resultsare taken from a series of experimenta
made under the direction of Messrs. Bramah & Sons, and
published in Vol. 1, Transactions of the Institution of
Civil Engincers. The first column of numbers gives the
weights, in tons, borne by each superficial inch when the
stones commenced to fracture; the second column gives the
crushing weight, in tons, on the same surface.

DESCRIPTION OF STONE. Ad':dum ‘W"‘
Granites.
HOrme.......cocooeeveencecccccnccns ceeee 4. 6.64
Aberdeen (Dlue)....c..ceeceecenccacsocccans 418 4.64
HETOT . . e eeeenrennnenesseennseeeesenens .94 6.19
Dartmoor..... . . 8.53 5.48
Peterhead (78@).....c.co0ivvviceerinninns 2.88 4.88
Peterhead (dlue gray)...... ceeccescescsnne 2.86 4.36
Sandstones.
Yorkshire......cc0000.... ceeees ceessccans 2.87 8.94
Origleith. .. .vuuneeenennnnnmnsnnns ceeans 1.89 2.97
Humbie ........ tesccenne cessscscae ereees 1.69 2.06
Whithy...covveveeoeieescosnicnnne cecsns 1.00 1.06

The following table is taken from one published in Vol
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114 OIVIL ENGINEERING,

ing its cohesive strength, provided it be placed under the
most favorable circumstances of resistance. This fraction of
the crushing weight of experiment is greater than ordinary
circumstances would justify, and it is recommended in prac-
tice not to submit any stone to a greater permanent strain
than one-tenth of the crushing weight of experiments made
on small cubes measuring about two inches on an edge.

Other authorities state that cut stone in cases like ﬁe vous-
soirs of arches and stone pillars should not be subjected to a
working strain greater than gi;th of the crushing weight of
experiment.

The following table shows the fpermanenl; strain, and
crushing weight, for a square foot of the stones in some of
the most remarkable structures in Europe.

Permanent Crushing

strain, weight.

Pillars of the dome of 8t. Peter's (Rome).... 83330 | 536000
Do. 8t. Paul’s (London)... 894560 537000

Do. 8t. Geneviéve (Paris). ..| 60000 456000

Do. Church of Toussaint (Angers). ...| 90000 900000
Lower courses of the piers of the Bridge of Neuilly.. 8600 570000

The stone employed in all the structures enumerated in the
Table, is some variety of limestone.

336. Expansion of Stone from Increase of Tempera-
ture. Experiments have been made in this country by Prof.
Bartlett, and in England by Mr. Adie, to ascertain the expan-
sion of stone for every degree of Fahrenheit. The experi-
ments of Prof. Bartlett give the following results:

Granite expands for every degree........, eeerrenne . 000004825
Marble..... eeceseosrseascsesseseasns ¢.s0ct0ennee . 000005668
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fragments of brick, and the weakest from small, rounded,
8" Beronformed. b fragments of

ton form urin ut amon, ents o
stone, or brick, was in%ex’ii(c))r ingstggzgth to thgxa.t made in the
usual way with mortar. :

Comparing the strength of the bétons on which the experi-
ments were made, which were eight months old when tried,
with that of a sample of sound red sandstone of good qual-
ity, it appears that the strongest prisms of béton were only
half as strong as the sandstone.

The working strain on masses of concrete, brick, and rubble
masonry seldom exceeds in structures that of one-sixth of the
crushing weight of blocks of these materials.

IV.
STRENGTH OF TIMBER.

A wide range of experiments has been made on the resist
ance of timber to compression, extension, and a transverse
strain, presenting very variable resnlts. Among the most
recent, and which command the greatest confidence from the
ability of their authors, are those of Professor Barlow and
Mr. Hodgkinson : the former on the resistance to extension
and a transverse strain ; the latter on that to compression.

4
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Lhe following Table, taken from Vol. V. Professional
Papers of the English Royal Engineers. No. V. Re-
marks and Ewpervments on various Woods, give some
valuable results on American timber subjected to a strain

rallel to the fibre. The column marked C gives the co-

e strength.
Extreme
- Barees
Dimen- t of O.
sions.
Remarks,
. Barlow's ash, sp
5 760
5] 0=6070
3788
: o
, 3586
8582
g i
8319
2 10078 e gr.mo%%n e,
's e
E o=Soal, 40 6
E
‘w % Emerson's Birch, 4900
o Mr. 0
3516 2460 *
8743 2823 4250
3628 1004
3563 1848
8451 8528 10293 g
< 3346 4734 14148 &
a .3404 4500 18219
5 2496 4263 12198 8000
& .3432 4399 12817
8468 4852 1890
g 19765
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124 CIVIL ENGINEERING.

6881 6960
8688 93868
7618 518
7788 19368
8397 11668

6403
5674 5868

7148
5748 6586
6781 7208
7451 9978

- 10831

6499 6819

7280
8198 8108
4281 5088
6484 10058

- 7781
6790 6700
5875 '| 6445
5895 7518
8107 5124
8654 -
8241 [to 1049
7082 -

- 12101
8201 5568
6063 227
2898 6128

Then for long columns of oak, in which the side of the
square base is less than yisth the height of the column;

| W = 24543 %,
and for red deal, &
W= 17511 7

For shorter pillars, where the ratio between their thickness
and height is such that they still yield by bending, the
strength is estimated by the following formula :

Calling the weight calculated from either of the preceding
formulse, W.

Calling the crushing weight, as estimated from the pro
ceeding table, W'.

Callm%]the breaking weight in Ibs., W"’.

Then the formula for the strength is

wr=_WW .
W+iwW
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The following Table, taken from Voi. V. Professiona

Poapers of the English Royal Engincers. No. V. Rs
marks and Experiments on various Wocds, gives the value

of 8, in the formula S = %, Jor transverse strains, in
which 1, the length of the pieces subjected to ewperiment

°

was from five to six feet; the distance between the pomt;
of support four feet ; the ends of the pieces not confined

Mm

dimensions,
§ Detail Remarks.
mm' ave
g then w“mm
TA)
I broke at 1101 lba.
ually at 751 Ibe
§ as No. 8.
1790 A4 specimen ;
warning at 608
160920 warning ulll):l'tgl::.
at
10 4 broke well and
gradually.
1728
" 20 1.2 30 good specimen ;
at 1270 1bs.,
?;glh suddenly at
188 85 1965 26 epocimen; broke
g . suddenly at 1297 1ba,
55 1.1 1525 U bmkodwn.h s long
scarf and grad: .
2° 117 1688 2 m.,m&
wi
11 1T B Do. Do.
g 1848 taken from the same
] pisce.
z 1966 88
1799 88 great uniformity ot
2 loo 39 tiom i e wocd
4 1819 35 |orities for comment
E 1569 during



HIOKORY, AMERICAN.

OAK, WHITE AMERICAN.,

OAK, BABKKT, AMERI-
CAN.

1.8 1.60

1.81 168

18

1.6

SBTRENGTH OF TIMBER.

810

q
97
q

1038

118

1985

183
1607
17838

1673

1342
1580

1916
1582

1699

1929

17

127

pi but with
[ nmlleg'ot 12inches

Ty e i B
roke at eq
at the knot and cen-

two-fifths sap.

warning at llﬁ
lbe., broke well and
gradually.

at 1240 lba.

mentioned, 46 md
having been at first
supposed to be too
unsatisfactory; they
were, however, re-
oorded, as No. 50 did
not give a very muck
better result.

specimen,
but tainte.
; broke

slab speclmen froc.
48.

specimen; warn
ing at about 400 lbe. ,
broke with & long
scarf.

Broke .'t a large worm-
hole, to which this
wood seems to be sub-

ject.

Dg. These three speci-
mens were all from
the same log.
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138 OIVIL ENGINEERING.

Being a diminution in strength as 100 : 85 for the cold blast,
and 100 to 90 for the hot blast, or 15 per cent. loss of strength
in the cold blast, and ten per cent. in the hot blast.”

“ A number of the experiments made on No. 3 iron have

iven extraordinary and not unfrequently unexpected results.
Eenerally speaking, it is an iron of an irregular character,
and presents less uniformity in its texture than either the first
or second qualities; in other respects it is more retentive, and
is often used for giving strength and tenacity to the finer
metals.”

“ At 212° we have in the No. 3 a much greater weight sus-
tained than what is indicated by the No. 2 at 190°; and at
600° there appears in both hot and cold blast the anomaly of
increased strength as the temperature is advanced from boil-
ing water to melted lead, arising from the greater strength of
the No. 8 iron.”

861. From experiments made by Major Wade on American
cast iron,and by Mr. Fairbairn on English cast iron, it appears
that the tenacity of the metal is increased both by remelting,
and by prolonged fusion when kept in their certain limits.
It also appears from other experiments that repeated fusions
occasion a heavy waste of material, and that if either remelt-
ing or prolonged fusion be carried too far the result will be
an iron of a hard and brittle qualitl.:ﬁ.

362, Influence of Form upon the Transverse Strength
of Cast Iron Beams. Upon no point, respecting the strength
of cast iron, have the experiments of Mr. Hodgkinson led to
more valuable results to the engineer and architect, than upon
the one under this head. Thengllowing tables give the results
of experiments on bars of a uniform cross-section (thus T')
cast from hot and cold blast iron. The bars were 7 feet
‘ong,d and placed, for breaking, on sapports 6 feet 6 inches
asunder.
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Table exhibating the Results of Experiments on dars of Hk
Blast Iron of the form{foross section as abo'va:f

ExXrzamvznr 4 Exrzanaorr 8.
Bar broken l as shown Bar broken as shown
with the rib downward. with the rib upward,
Welghtin Ibe,[ Defection in | gy, |ieight in1be.| Peflectionin | g
7 .015 visible 7 - not visible
14 .082 .001 14 .025 visible
2 .048 .002 21 .045 .003
28 .064 .004 28 .085 .008
56 .180 005 56 .184 .005
113 278 .020 112 270 015
168 444 .0385 2324 .580 .058
24 .618 058 836 .896 .101
280 .818 003 448 1.224 .165
838 1.030 .180 560 1.585 .285
864 broke - 672 1.985 .880
- - - 784 2.410 .490
- - - 896 8.450 123
- - - 1008 4.140 1.040
- - - 1064 - -
- - - 1120 broke -
Ultimate deflection 1.138 inches. Fracture caused by a wedge 2.92 inches
long and 1.05 deep, of this
form flying out.
Ultimate deflection 4.830.

Note. The annexed diagram shows the 4 o

form of the uniform cross-section of the
The linear dimensions of the cross- F »
section in the two experiments were as fol-

bars.

lows:—

Length of parallelogram AB
Depth g

AB 0.80 ¢
Total depth of bar...... CD 155 ‘¢
Breadth of rib........ DE 036 *

5inchea}

D B
5 inches
Expt. 4. %30 % L myepe 8
- 4 156« -
veeee .. 0885
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Tuable exhibiting Results of Experiments on Bars of Cold
Blast Iron g'?feet long, qj;' the same form of cross section
as in _preceding table.

ExrERIMENT 4. BxPERIMENT 8.
Bar broken I with rib Bar broken L with nb
downward, upward.

Welght in1ba| Deflectionin | - goy  ||Weightin 1be. Doflectionin | gy
118 .08 - 113 03 -
224 .07 - 24 .07 -
386 A1 - 336 A1 -
303 .18 .005 448 .15 -
430 14 .007 560 .19 .005
448 .18. .010 616 21 .010
560 .19 .012 673 .28 -
673 .28 .015 728 - .015
T84 28 .023 784 7 -
806 .38 .080 896 .81 -
953 35 - 1008 .86 -
980 broke - 1120 .89 -

- - - 1844 .48 -
- - - 1568 57 -
- - - 1793 .87 -
- - - 2016 .80 -
- - - 2240 .95 -
- - - 2206 it bore -
- - - 2353 broke -
Ultimate deflection 38, Ultimate deflection 1.08.
Fracture by a wedge breaking out as in
R Experiment 5, Hot Blast,

Note. The linear dimensions of the cross-section of the bars
in the above table were nearly the same as those in the pre-
ceding table, with the exception of the total depth CD, which
in these last two experiments was 2.27 inches, or a little
more.

363. The object had in view by Mr. Hodgkinson, in the
experiments recorded in the two preceding tables, was two-
fold ; the one to ascertain the circumstances under which a
permanent set, or injury to elasticity takes place; the other
to ascertair. the effect of the form of cross section on the
transverse strength of cast iron. The following extracts from
the Report, give the principal deductions of Mr. Hodgkinson
on these points.

“In experiments 4 and 5 ” (on hot blast iron), “ which were
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ple, is not subjected to violent vibrations or shocks. In the
contrary case, particularly in beams subjected to a transverse
strain, it is recommended to reduce the working strain to t&th
the crushing strain.

366. Effect of Horizontal Impact upon Cast Iron Bars.
The following tables of experiments on this subject, and the
results drawn from them, are taken from a paper by Mr.
Hodgkinson, published in the #5,%A Report of the British
Assoctation.

The bars under experiment were impinged upon by a
weight suspended freely in such a position_that, hanging ver-
tically, it was in contact with the side of the bar. The blow
was given by allowing the weight to swing through different
arcs. The bars were so confined against lateral supports, that
‘they could take no vertical motion.

Table o eriments on a cast iron bar, 4 ft. 6 in. , 1 ¢n.
broad, % vn. thick, weighing 1% Wbs., placed with the broad-
side against lateral supports 4 fi. asunder, and smpinged
;?onagx cast iron and balls weighiny 8% lbs., swinging

roug,

arcs of the radius 12 feet.
Impact with leaden ball Impact with fron ball

H 5] 4 &% 1 4

.‘g 5 : §! x % §2

O E
g B B

] 8 5 |l 8

1 6.5 24 1 6.6 .23
3 13 .46 2 14 .46
8 19 .78 8 20 .66
4 27 97 4 29 .98
1] © 84 1.80 5 87 1.82
6 47 1.60 6 48 1.65

“Before the experiments on impact were made upon this
bar, it was laid on two horizontal supports 4 feet asunder, and
weights gently laid on the middle bent 1t (in the same direc
tion that it was afterwards bent by impact) as below:

28 Ibs. bent it .87 inch.
661bs. * .77 inch. Elasticity a little injured.”
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154 CIVIL ENGINEERING.

susfain with safety more than double the load that others car
suspend, especially in circumstances where the load is un-
steady, and the structure exposed to concussions, as in a ship,
or to vibratory action, as in a railway bridge.

869. Resistance to Compressive Strain, But few ex-
periments have been published on the resistance of thie
material to compression. Rondelet states that it commences
to gield under a pressure of about 70,800 lbs. per square inch,
and that when the altitude of the specimen tried is greater
than three times the diameter of the%ase it yields by bending.
Mr. Hodgkinson states that the circumstances of its rupture
from crushing indicate a law similar to what obtains in cast
iron.

The same rule for proportioning the working strain to the
crushing strain is followeg in wrought iron subjected to com-
pression as in cast iron.

Resistance to a Transverse Strain. The following
tables exhibit the circumstances of deflection from a transverse
strain on bars laid on horizontal supports; the weight being
apli‘lied at the middle of the bar.

he table L. gives the results on bars 2 inches square, laid
on supports 33 inches asunder; table II. the results on bare
2 inches deep, 1.9 in. broad, bearing as-in table L.

TaBLE L TaABLE IL
Deflections in Deflections in
Weight in eonf. inches for each||Weight in tons. /inches for each
half ton. half ton.
.75 .020 260 -
1.00 .020 .50 .018
1.60 .020 1.00 .023
2.00 .080 1.60 .020
2.60 .020 2.00 .028
8.00 Set 2.25 .018
- - 2.50 .026
- - 2.76 .038
- - 8.00 .002

The above experiments were made by Professor Barlow,
and published in his report already cited. He remarks on
the results in Table II., that the elasticity was injured by 2.50
tonis and destroyed by 3.00 tons.

870. Trials were made to ascertain mechanically the posi-
tion of the neutral axis on the cross section. Professor Bar-
low remarks on these trials, that “ the measurements obtained
in these cxperiments being tension 1.6, compression 0.4, giv
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materia.s ought to be subjected for some months to strains ;
while observations should be made during this EeﬁOd, with
accurate instruments, upon the manner in which they yield
under these strains. ,

The jfollowing tables, on the comparative strength of ron,
8te£andhemprop:9aﬂtalcmfrom Stoney’s work on the
of Strains, Vol. 11. The weights are given in

English units.

load,

W

inches.

Lbe. weight pr.
fathom.
inches.

>t s Lbe. weight pr
fathom.
inches.

Lbe, weightpr.
fathom.
orking
owta,

STRENGTR.
2% 3 1 6 8
13 $ 1 1 9 . 8
83 4 14 3 13 4
13 2 14 13 15 5
4 5 1 8 18 6
R L
44 27 9
6 9 5 1} 8 80 10
54 83 11
64 10 6 3 8} 86 18
64 2% 4 39 18
7 12 7 2} 4 43 14
Wi g{ WOE g 13
84 51 17
8 16 9 24 54 54 18
10 11 6 60 20
8 18 11 2 64 66 23
12 7 24
94 22 18 83 8 78 26
10 26 " g FTCRRNEE 3(4) g
11 80 g %g ” i 133 g
13 84 44 20 3 13 120 40
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change in temperature of 1° Centigrade, is termed the coeff

cient of &

inear expansion, for the material in question.

The increase in length for other changes of temperature
than 1° is given by the following formula : —

I =KNL,

in which L is the length at 0° C.; N, the number of de§rees
above 0°; K, the coefficient of finear expansion ; and ¢ the
increase of length due to N degrees above 0° C.

Table of Cogffivients of Linear Expansion for 1° C.

Coefficients of
DESCRIPTION OF MATERIAL. Authority. lé%_ﬂ'?g
METALS,

Bismuth.......co0veeeiann eterssesssesace . s 000018916
Brass (mppoeedtobeﬂnmbutg plate brass)..| Ramsden 000018564
¢ (English plate, in form of a rod)..... . o 000018928
¢ (English plate, in form of trough)... ... s 000018949
$  (CBBL)..eveerececcnrcorsecannan eee.ss] Smeaton 000018750
¢ (Wire)eeeeececreanne 000019833
Copper....... cerereeeee ceeeeeecenennneenns Kg’:i:“‘? 000017122
B eiitiienene cesessecesssances “ 000017224
Gold (de départ)....ceceeeveeccncnss cecens s 000014660
¢ (standard.of Paris, not annealed)..... 0 “ 000015515
“o( “ ¢ annealed)....... . 000015186
Iron (0a8t).....ccoeeeeees sessennacacsnnns Ramsden 000011094
¢ (from a bar cast 3 inches square)....... Adie 000011467
¢ (from a bar cast 4 an inch square)...... o 000011028

“ Laplace &
(soft forged) ...e.ocenvnecareens RPN I ivr v 000012204
o 000012350
000014401
000028484
000028666
000010000
it 000008843
....... ughton 000009918
Bilver (of cupel) ...... e eeaenen .|§ Terlace &11 000012097
¢ (Parisstandard).......eeecoeceeeenss o 000019086
e titeceieesssnceancs R ton 000020626
Bolfler(:pl;liw;lead&t;nlli;;i)....... Smaston 000025058
¢ (spelter; copper 2, zing 1).......... .e 000020588
Specnlummeh’l........:......... ......... s 000019838
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CHAPTER IIL

MASONRY.

[ CrassrrroaTioN of. II. Cur Stone Mascwry. III. Rus-
BLE-STONE MasoNry. IV. Briok Masonry. V. Fouxnpa-
TIONS OF STRUOTURES ON LaND. VI. FouxpaTioNs or
StrucruREs IN WaTeER. VII. ConsTRUOTION OF MASONRY.

SUMMARY.

L

CLASSIFICATION OF MASONRY.

Masonry defined and classified (Art. 881).

II.
OUT STONE MASONRY.

Definitions (Art. 388). uisites of Strength (Arta 884-39(). Bonde
(Arts. 391-302). )Cut;‘i.;:% (Art. 898).

III.

RUBBLE-STONE MABONRY.

Quality (Art. 894). Construction (Arts. 895-397).

1v.

BRICK MABONRY.

Oonstruction (Arts. 898-402). Concrete Walls (Arts. 403-416).
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198 CIVIL ENGINEERING.

of cast-iron piles, where the force of the blow might destroy
the pile; also in long slender piles it may cause the pile to
spring so much as to prevent it from entering the subsoil.

The stcam pile drwer is but a modification of the crad

engine

. 37 ts & front elevation of the
o o
guides,

in which piston I fits.
oylinder

FHeM_pop
il
2 g.ﬁ
g s
i
2
¥

H]
£

mm at any point on the

Bhaw’s gunpowder pile driver consists essentially of two
uprights or guides, between which are placed the ram and
wder chamber. The latter consists of a cast-iron cylinder,
aving a socket in its lower end, and a powder chamber at
the upper. The ram differs from that in ordinary use only
by having a plunger made to fit the powder chamber, at the
bottom, and a cylindrical cavity at top, extending about half
way down. At any convenient point on the guides is placed
8 piston made to fit into the ram, to take the place of an air-
cushion in taking up the recoil, in case the charge should be

too great.
ork is begun by placing the powder chamber on top of
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236 OIVIL ENGINEERING.

and the air would entirely escape, but ele? n pre
caution was used to keep a Ero r pressure of the air. An ac
cident of this kind once took place in the Brooklyn caisson.

VIL
CONSTRUCTION OF MASONRY.

480. Under this head will be comprised whatever relates
to the manner of determining the forms and dimensions of
the most important elementary components of structures of
masonry, together with the practical details of their construc-
tion.

46l. Foundation Courses. As the object of the founda-
tions is to give greater stability to the structure by diﬁuzi;?
its weight over a broad surface, their breadth, or spread,
should be proportioned both to the weight of the structure
and to the resistance offered by the subsoil. In a perfectly
unyielding soil, like hard rock, there will be no increase of
stability by augmenting the base of the structure beyond
what is strictly necessary for stability in a lateral direction;
whereas in a very compressible soil, like soft mud, it wounld
be necessary to make the base of the foundation very broad,
8o that by diffusing the weight over a great surface, the sub-
soil may offer sufficient resistance, and any unequal settling
be obviated.

462. The thickness of the foundation course will depend
on the spread; the base is made broader than the top for mo-
tives of economy. This dimination of the volume (Fig. 63)

Fig. 63—S8ection of foundation courses and superstructure,
A, batter.

B, offseta.
C, superstructue,

is made either in steps, termed ¢ffscts, or else by gizing s
aniform batter from the base to the top.
‘When the foundation has to resist only & vertical pressure
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240 OIVIL ENGINEERING.

joints, or by rotation about the exterior edge of some one of
the horizontal joints, or the line of fracture may be oblique
to the base.

473. The determination of the form and dimensions of a
retaining wall for an embankment of earth is a problem of
considerable intricacy, and the mathematical solutions which
have been given of it have generally been confined to particu-
lar cases, for which approximate results alone have been ob-
tained ; these, however, present sufficient accuracy for all
practical purposes within the limits to which the solutions are
applicable. Among the many solutions of this problem, those
given by M. Poncelet, of the Corps of French Military En-
gineers, in a Memoir on this subject, published in the Mé-
morial de D Officier du Génie, No. 10, present a degree of re-
search and completeness which dpeculiarly characterize all
the writings of this gentleman, and have given to his produe-
tions a claim to the fullest confidence of practical men.

The following formula, applicable to cases of rotation about
the exterior edge of thelowest horizontal joint, are taken from
the memoir ahove cited.

Calling H, the height BC (Fig. 65) of & wall of uniform
thickness, the face and back being vertical.

. 68.—Represents a section O of a retaining wall
wl?h‘thohoa-ndhekvemu.
P, section of the embankment above the wall,

h,the mean height CG of the embankment, retained by the
wall, above the top of the wall.

¢, the berm DI, or distance between the foot of the embank-
ment and the outer edge of the top of the wall.

a, the angle between the line of the natural slope BN of the
earth of the embankment and the vertical BG.

J =cot. a, the co-efficient of friction of the earth of the em
bankment.

w, the weight of a cubic foot of the earth.
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275 OIVIL ENGINEERING.

sharp lengths, depending on the curvature required ; these
pieces abut end to end, the joints being in the direction of
the radii of curvature, and the pieces cong’Fgeing the different
courses break joints with each other. e courses may be
connected either by jibs and keys of hard wood, or by iron
bolts. This method is very suitable for all light framework
where the pressure borne is not great.

Wooden arches are chiefly used for bridges and roofs.
They serve as intermediate points of support for the framin
on which the roadway rests in the one case, and the roo
covering in the other. In bri the roadway may lie either
above the arch, or below it; in either case vertical posts,
iron rods, or bridles connect the horizontal beams with the
arch.

553. The greatest strain in wooden arches takes place
near the springing line; this part should, therefore, when
practicable, be relieved of the pressure that it would directly
receive from the beams above it by inclined struts, so arran
a8 }tlo throw this pressure upon the lateral supports of the
arch.

The pieces which compose a wooden arch may be bent into
any curve. The one, however, usually adopted is an arc of a -
circle, a8 the most simple,for the mechanical construction »f
the framing, and presenting all desirable strength.
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984 OIVIL, ENGINKERING.

567. Cylindrical Arch. This is the most usual and
the simplest form of arch. The soffit consists of a portion
of a cylindrical surface. When the section of the cylin-
der perpendicular to the axis of the arch, termed a righs
section, cuts from the surface a semicircle, the arch is termed
& full centre arch; when the section is an arc less than a
semicircle, it is termed a segmental arch; when the section
gives a semi-ellipse, it is termed an elliptical arch ; when the
section gives a curve resembling a semi-ellipse, formed of arcs
of circles tangent to each other, the arch is termed an oval,
(Fig. 115, or :fulat Aandlé), and is called & curve of #iree,

c

rt;m—mumw« a pointed onrve of
centres,
@b, half span,

. &
m and n, centres of the half curve ac,

[ NG

\

\m ]
..._.‘....---...._--..1
\
\ Fig. 117—Represents the half of an obtuse or surbesed
curve of four centrua,

ad, halt
o span,
™ and n, centres of the half curve ac,

in

Jove, seven, etc., centres. In order to make the curve horizon-
tal at the crown and symmetrical in reference to a vertical
line through the centre, there must be an odd number of arcs.
E:fn the intnf;d:f is composed of1 ltv:io arcs meeting at the
ighest point of the curve, it is called a pointed, (Fig. 116,
or an obg:n or surbased tu,-ch, (Fig. 117.) » (g 116)
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208 OIVIL ENGINEERING.,

In streams subject tu freshets and ice, the up-stream stan
lings should receive a greater projection than those down
stream, and, moreover, be built in the form of an inclined
plane (Fig. 185) to facilitate the breaking of the ice, and its
passage through the archoes.

|

S
1 =

v

=5

583, Where the banks of a water-course spanned by a
bridge are so steep and difficult of access that the rvadway
must be raised to the same level with their crests, necuri
for the foundation, and economy in the construction deman
that kollow or open piers be used instead of a solid mass of
masonry. A construction of this kind requires great pre-
caution. The facing courses of the piers must be of heavy
blocks dressed with extreme accuracy. The starlings must
Ye built solid. The faces must be connected by one or more
vroes tie-walls of heavy, well-bonded blocks ; the tie-walls be-
ing connected from distance to distance vertically by strong
tie-blocks ; or, if the width of the pier be considerable, by a
tie-wall along its centre line.

584. The foundations, the dimensions, and the form of the
abutments of a bridge will be regulated upon the same J)rinci-
ples as the like parts of other arched structures; a judicious
conformity to the character of strength demanded by the
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842 CIVIL ENGINEKRING.

The connection of the struts and main and ccunter braces
is made by means of a pin passing through a cast-iron box
which encloses the mall, the length of the pin being just equal
to the width of the box. The top-chord sections have a recess
which fits over the box, and when the connection is made in
the box the pieces of top chord are laid on, and cover the
whole. The joint is then secured by the bolts which pass
through the top lateral strut, top chord and joint box.

DESORIPTION OF POST'S “ COMBINATION »’ OR “ COMPOSITE ” BRIDGE,

This bridge is composed partly of wood and partly of iron,
as shown in Figs. 181a, 1815, and 18lec.

A, A—Top chord, packed and framed as shown in Figs.
1814 and 1812.

B B—Struts, framed with square end at the top entering and
abutting against joint box E (Fig. 181J) and fitted at bottom
ends into strut shoe K (Fig. 1810%.

'4,\,,— o VS
C C

C C—Main suspension ties, of square, round or flat iron,
with eye at lower end and screw at upper end, passing through
joint box E, secured by nuts.

D D—Counter braces, of square or round iron, made sim-
ilar to main ties.

E E—Cast-iron joint boxes enclosed in top chord, and
receiving the struts, main ties and counters.

This box has & flange around the bottom to support the
weight of the top chord, which lies upon and is bolted *n it.
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to be between 26,000,000 pounds and 30,000,0 )0 pounds, and
it was to sustain a strain of 60,000 pounds, without producing
a permanent set. . .

All the workmanship is of a higher order than is usual in
bridge construction. Special machines and tools were made
for making the several joints. An error of one thirty-second
of an inch might, in most cases, be very troublesome, if not
fatal.

The tubes are straight thronghout their length, but the
ends are planed off in the direction of the radius of the arch,
so that the arch is really a polygon having short sides. Seve-
ral recta.nfn]ar arnular grooves are cut near the ends of each
trbe; and after the tubes are put in place, their ends abut-
ting against each other, they are joined, and firmly secnred
by means of a heavy and nicely-fitted iron coupling. In
this way the arch is made continuous. A strong steel pin
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350 CIVIL ENGINEERING.

The exg)eriments, as already stated, were conducted with a
view to obtain an equality between the resistances of the parts
strained by compression and those extended ; with this object,
at the end of each experiment, the parts torn asunder at the
botto;h were replaced by additional pieces of increased
stren

The following table exhibits the results of the final experi-
ments :—

No. of Experiments. ‘Weight in 1bs. Deflection in inches,
Loveeernnennnn 20,008 ... .ceeun... 0.55
Qe ieeernnnnns BT, 0.78
B 48878...cvvnnnnnnn. 112
diiiiiiiniiinn, 62274 ....... ceeenn 148
Buvernnnn. eees T3 i 178
L ceer 92299 ............ 2.12
Beeeeeeannnns 103,350 . ...ccuuun.n .. 2.38
Bereeeennnnn. 114,660........c..... 2.70
 JPUP 182,209.............. 3.05

10,0 cienenns 138,060.. .... 3.23
Weeeeieennnnn. 143742 .0.onnnn.. 3.40
12..0ueeeinnnnn. 148443.............. 3.58
180 e eeeeennn.. 158027, .cueeennn.... 3.70
4eiiennnnnnn.. 157728, .ccvvvnnnn.. 3.78
Beeeeennnnnnn. 161,886........c..... 3.88
16........ ceeees 164741, ....c.uu. ... 3.98
Werieeiaannnn. 167,614, .cenn.n.... 410
18.0eeeiennnnnn. 171144, . .ooven ... 423
T IO 173912.............. 4.33
20\t erinnnnnnn 177,088, ... ouuevennn. 447
T 180,017......vennnn. 455
D I 183,779 .o vvennnns 4.62
28.utiiiinnnnn. 186477 c.vvennnnns 472
U rinnnnnnnn. 189,170....cccuun.... 4.81
2. ereeinnnnnn. 192,892

The tube broke with the weight in the 25th experiment ;
the cellular top yielding by puckering at about 2 feet froin
the point where the weight was applied. The bottom and
sides remained uninjured.

The ultimate deflection was 4.89 in.

645. Britannia Tubular Bridge. Nothing further thana
succinet description of this marvel of engineering will be
attempted here, and only with a view of showing the arrange-
ment of the parts for the attainment of the proposed end
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The cellular top (Fig. 188) is divided into eight cells B, by
division plates ¢, connected with the top e, and bottom &, by
angle irons o, riveted to the plates connected. The different
sheets composing the plates a and & abut end to énd length-
wise the tube ; and the joints are secured by the strips & and
¢, riveted to the shects by rivets that pass through the interior
angle irons.

he sheets of which this portion is composed are each 6 ft.
long, and 1 ft. 9 in. wide; those at the centre of the tube are
{#ths of an inch thick: they decrease in thickness towards
the piers, where they are {§ths of an inch thick. The division
lates are of the same thickness at the centre, and decrease
in the same manner towards the piers. The rivets are 1 inch
thick, and are placed 8 in. apart from centre to centre. The
cells are 1 ft. 9 in. by 1 ft. 9 in., s0 as to admit a inan for
painting and repairs.

The cellular bottom is divided into six cells C, each of
which is 2 ft. 4 in. wide by 1 ft. 9 in. in height. To diminish,
as far as practicable, the number of joints, the sheets for the
sides of the cells were made 12 ft. long. To give sufficient
strength to resist the great tensile strain, the top and bottom
plates of this part are composed of two thicknesses of sheet
iron, the one layer breaking joint with the other. The joints
over the division plates are secured by angle irons o, in the
same manner as in the cellular top. The joints between the
sheets are secured by sheets 2 ft. 8 in. long placed over them,
which are fastened by rivets that pass through the triple
thickness of sheets at these points. The rivets, for attaining .
greater strength at these points, are in lines lengthwise of the
cell.  The sheets forming the top and bottom plates of the
cells are {%ths of an inch at the centre of the tube, and de-
crease to yiyths at the ends. The division plates are %ths in
the middle, and fths at the ends of the tube. The rivets of
the top and bottom plates are 1} in. in diameter.

¥ig. 180—Represents a hori 1 cross-section of the T irons and side plates,
D, cross-section near centre of bridge.

B, mm“ mwﬂ the plers.

['¢ ea °

A:m {rons.
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Angle Rivet | Cast-
Feet. (Plates| yon I:I;:. iron, | iron. | Teeal
tons. | tons. | tons. | tons. | tons. | tona,
‘tonllangtholmhhbe ................ 1534
. *  of tubes for each line 8048
460
80
n
o  endS....icieeeerionsens 28
Extreme width of tubes..........cc0000ee 14%
Number of rivets in one tube........c.c.... 882,000
Computed weight of tube 274 ft. long..... 450 | 109 70 60 689
. ¢ 8 tubes 274 ft. long...... 1850 | 827 | 210 | 180 2067
" 1 tube 472 ft. long....... 965 | 188 | 189 [ 108 1400
- R
over
“ “ . . 64 10 7 107
Frames and beams....ccocvnreiincnncans eeee | eeee | eeee | eeee | eeel | 2000 | 2000
Total weight.............. 5788 | 1940 | 856 | 686 | 2000 (10,570

646. Formula for reducing the Breaking Weight of
Wrought Iron Tubes.

Representing by A, the total area in inches of the cross-
section of the metal.

« “ d, the total depth in inches of the tube.

“ % I, the length in inches between the pointa
of support. .

“ “ O, a constant to be determined by ex
periment.

“« “ ‘W, the breaking weight in tons.

Then the relations between these elements, in tubes of
cylindrical, elliptical and rectangular cross-section, will be
expressed by Ad

wW=C 7

The mean value for C for cylindrical tubes, deduced from
several experiments, was found to be 18.03; that for ellipti-
cal tubes, 15.3; and that for rectangular tubes, 21.5.

647. Victoria Bridge. This bridge is located near Mon-
treal. It is a tubular bridge, a cross-section of which isshown
in Fig. 190. It is the largest bridge of its kind in existence.
It consists of twenty-four openings of 242 feet each, and a
central span of 330 feet, and the total length of the tube, in
cluding the width of the abutments, is 6,538. The em-
bankment forming the apiroach at the Montreal end is 1,200
feet long, and at the south end it is 500 feet, making a total
length, including the aqproaches, of nearly 8,000 feet.

. he centre span is level, but each side of the centre the
bridge falls on & grade of 40 feet per mile.
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K Tig. 190 B—1Is a section on the 1 » D D of Fig. 100.
K is a vertical side piate.
L L are asgle irons which are riveted to the side pla‘es. *

. 190 C—SBection of the bottom plates B of Fig.190. There are three continuous piates
and joint plates.

increase in depth to the middle, where they are 16 feet wide
by 21 feet 8 inches deep. The total length of each of these
double tubes is,

On the centre pier............c.eennnn. 16 feet.
Two openings in the clear............... 484 «
Resting on the east pier................. 8 «
Resting on the west pier................ 8§ «
Total.oooeiniieiieiiiieeeninnnnn, 516 feet.

The weight of each tube of 516 feet is about 644 tons. At
each end are seven expansion rollers, each 6 inches in diame-
ter, upon which the tubes rest. The rollers which are turned
rest on planed cast-iron bed plates. ’

The centre prer is 24 feet wide, the remaining ones each
16 feet wide at the top.

The work of laying the foundation was begun in 1854, and
the centre tube was put in place in March, 1859.

The scaffolding for the centre tube rested on the ice in the
river, which began to move the day after the tube was put
in place. From a record which had been kept of the break-
ing up of the ice, it was presumed that it would remain sound
several days longer than it did.

The foundations were made on the solid rock by meaus of
coffer-dams. Two kinds were used, one a floating dam, and
the other a permanent crib-work ; and each possessed certain
advantages over the other which was peculiar to itself and tc
the objects which were to be accomplished.
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by the trials and examinations to which a bridge of this kind
crected by Colonel Dufour, at Geneva, was su%jected by him
after twenty years’ service. It was found that the undulations
were greater than when the bridge was first erected, owing tc
the shrinking of the roadway-frame; but the main cables,
and suspending-ropes, even at the loops in contact with the
timber, proved to be as sound as when first put up, and free
from oxidation ; and the whole bridge stood another very
severe proof without injury.

The following succincet descriptions of the principal ele-
ments of some of the most celebrated suspension bridges of
chains, and wire cables, of remarkable span, are taken from
various published accounts. _

672. Bridge over the Tweed near Berwick. Thisis the
first large suspension bridge erected in Great Britain. It
was constructed upon the plans of Capt. Brown, who took
out a patent for the principles of its construction.

Span.........ciiiiiil 449 feet.
ersed sine.................. 30 «

Number of main-chains 12, six being placed on each side of
the roadway, in three ranges of two chains each, above
each other. \

The chains are composed of long links of round ironm, 2
inches in diameter, and are 15 feet long. They are connectesl
by coupling-links of round iron, 1} inch diameter, and
agout 7 inches long, by means of coupling bolts.

The roadway is borne by suspending-rods of round iron,
which are attached alternately to the three ranges of chains.
The roadway-bearers are of timber, and are laid upon longi:
tudinal bars of wrought iron, which are attached to the sus
pension-rods.

678. Menai Bridge, erected after the designs of Mr. Tel
ford. Opened in 1826.

¢ 579.8 feet.
ersed sine................. 43 «

Number of main-chains 16, arranged in sets of 4 each, ver-
tically above each other. :

Number of bars in each link, 5.

Length of links, 10 feet.

Breadth of each bar, 3% inches ; depth, 1 inch.

Co(lllpling-'inks. 16 inches long, 8 inches broad, and 1 inch

eep.

Cou l}i)ng-bolts. 8 inches in diameter.

Tota harea of crosssection cf the main-chain, 260 equare
inches
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ROOYS. 397

of the beams, or bars, .n cast-iron sockets, or shoes of a suita-
ble form ; in others the beams are united by joints arranged
like those for timber frames, the joints in all cases bei
secured by wrought-iron bolts and keys. (Figs. 210, 211 an
212.)

Fig. 211—Represents the half of a truss of wrought iron for the new Houses of Parliamen:
England. The pi

are d by cast-i keta, within which the ends of the bars are secured by
bolts.

8%6. Fig. 213 shows a very common form of the roofs ot
ouses,

This here shown is snf)posed to be made entirely of iron
At the ridge is a ventilator to allow the escape of gases.
The mauner of joining the parts is sufficiently shown in the

figure.
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mon rafters to the purlims.
d, cast-iron socket

to confine the pieces a, &,

G 6.

697. Fig. 214 shows a mode of secondary trussing. A is a
strut for supporting the middle of the main rafter. The
lower end of A is secured to a block which is supported by
the tie-rods B and D. The tie-rods C and D serve the office
of a single tie.for supporting the lower end of E. In this
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The dome of the State capitol, Vermont, rests upon wooden
trusses (Figs. 216 and 217), having a span of sixty-seven feet
four inchesy, The trusses are supported at the ends only. They
are placed In pairs, fourteen inches apart. The Fig. shows
two pairs. They are connected by short cross beams, @ @ ;
upon which rest other timbers, A, for receiving the poets, d.
of the dome. Itis profitable for the student to make a careful
study of the details of this structure.

ere the thrust is severe especial vare should be taken to
secure a tEood bearing for the ends of the timbers. The lower
ends of the main rafters tend to shear the main tie at its ends,
and to Yrevent this action they should enter the tie at a
reasonable distance from its ends. The bearing pieces are of
white oak,and the rest of the timber is spruce. The trusses
are constructed differently, because the posts of the dome
bear upon them in different places.

701. Roof over the large hall of the University ot
Michigan. This truss and dome presents a very novel fea-
ture (Fig. 218), inasmuch as a part of the dome rests directly,
or nearly so, upon the posts which support the roof, while the
other part rests directly upon the trusses which support the
roof. If).Fhe span is eighty feet in the clear, and the depth of the
trusses is sixteen feet. The main rafters are pieces of solid
pine fourteen inches wide by sixteen inches deep. The{ are
not of equal length, the longer ones having a horizontal run
of forty-seven feet, and the shorter ones thirty-three feet.
The secondary trussing is distributed according to the strains.
The dome is thirty fcet in diameter at the base.

The ceiling of the large hall being attached directly to
trusses, it was necessary to make very strong trusses, so that
the action of the wind upon the dome, and also the effect of
the changes of temperature might not so disturb the trusses
by causing them to deflect, as to destroy the ceilin% (For a
egx:_pz\itftion of the parts, see Wood’s Bridges and Roqfs, pp
1 . .
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tobeo;seome,thsttheemtof eonltmcbon‘fg =
tions embankments required by the ients,
the bridges and other mma,eid] b%l

lowest amount.

the dividing ridges of main, or secondary valleys, for ex-
ample, it frequently be found more advan both
for the most saitable gradients, and to diminish amount
of excavation and embankment, to cross the ridge at a lower
int than the one in which it is intersected by the right line,
iating from the right line either towards the or
ger of the valley, or towards its outlet, according to
4, both Tor redacing the gradioats and the amount of
or reduci ieats and the amount

B earation and embankment. b

Where the right line intersects either a marsh or water-
eourse, it may be found less expensive to change the direstion,
avoiding the marsh, or intersecting the water-course at a
point the cost of construction of a bridge, or of the
approaches to it, will be more favorable than the one in
which it is intersected by the right line.

from the direction of the right line may also be
favorable for the purpose of avoiding the intersection of
secondary water-courses; of gaining a better soil for the
roadway ; of giving a better exposure of its surface to the
sun and wind ; or of procuring better materials for the road-
covering.

By a careful comparison of the advan presented by
these different features, the enzineer will be enabled to
decide how far the general direction of the right line may be
departed from with advantage to the location. By choosing
a more sinuons course the length of the line will often not
be increased to any very considerable degree, while the cost
of construction may be greatly reduced, either in obtaining

more favorable ients, or in lessening the amount of ex-
cavation and embankment.
708. When the points of arrival and de are upon

different levels, as is usually the case, it will seldom be prac-
ticable to connect them by a continual ascent. The most
that can be done will be to croes the dividing ridges at their
lowest points, and to avoid, as far as practicable, the intersec-
tion ofpo considerable secondary valleys which might require
any considerahle ascent on one side and descent on the other
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would be about equal, and the slopes of the deep cut are not
liable to slips, it is usually more advantageous to resort to
deep cutting than to tunnelling. So much, however, will de-
pend upon local circumstances, that the comparative advan-
tages of the two methods can only be decided upon under-
standingly when these are known.

749. The operations in Tunnelling will depend upon the

" nature of the soil. The work is commenced by setting out, in

the first place, with great accuracy upon the surface of the
ground, the profile line contained in the vertical plane of the
axis of the tunnel. At suitable intervals along this line
vertical pits, termed working shafts, are sunk to a level with
the top, or crown of the tunnel. The shafts and excavations,
which form the entrances to the tunnel, are connected, when
the soil will admit of it, by a small excavation termed a
heading, or drift, usually five or six feet in width, and seven
or eight feet in height, which is made along the crown of
the tunnel. After the drift is completed, the excavation for
the tunnel is gradually enlarged; the excavated earth is
raised through the working shafts, and at the same time
carried out at the ends. The dimensions and form of the cross
section of the excavation will depend upon the nature of
the soil and the object of the tunnel as a communication.
In solid rock the sides of the excavation are usually vertical ;
the top receives an arched form ; and the bottomn is horizontal.
In soils which require to be sustained by an arch, the excava-
tion should conform as nearly as practicable to the form of
cross section of the arch.

In tunnels through unstratified rocks, the sides and roof
may be safely left unsupported; but in stratified rocks there
is danger of blocks becoming detached and falling ; wherever
this is to be apprehended, the top of the tunnel should be
supported by an arch.

unnelling in loose soils is one of the most hazardous
operations of the miner’s art, requiring the greatest precau-
tions in supporting the sides of the excavations by strong
rough framework, covered by a sheathing of boards, to secure
the workmen from danger. When in such cases the drift
cannot be extended throughout the line of the tunnel, the
excavation is advanced only a few feet in each direction
from the bottom of the working shafts, and is gradually
widened and depended to the proper form and dimensions tc
receive the masonry of the tunnel, which is immediately
commenced below each working shaft, and is carried forward
in botb directiors towarls the *wo ends of the tunnel.
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466 CIVIL ENGINEERING.

ers sinks bodily into the mud, the consideration of deflection
between the sleepers is a premature refinement. If the
weight of steel rails is decreased in proportion to their
strength, these advantages of cheaper traction and mainte-
nance will not, of course, be realized. The best practice, here
and abroad, is to use the same weight for steel as had been
formerly employed for iron.

T16. Steel-headed Rails. Many attempts have been made
in England, on the Continent, and in this country, to produce
a steel-headed rail, and not without success. Puddled
steel heads have all the structural defects of wrought iron,
as they are not formed from a cast, and hence homogeneous
mass, but are made by the wrought-iron process, and are, in
fact, a “high” steely wrought iron. They are, however, a
Ereat improvement upon ordinary iron, although probably

ttle cheaper than cast-steel heads. Rolling a plain cast-steel
glab upon an iron pile has not proved successful. The weld
cannot be perfected on so large a scale, and the steel peels
off under t{:: action of car wheels. Forming the steel slab
with grooves, into which the iron would dovetail when the
pile was rolled into a rail, has been quite sucoessful.
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e

Pig. 349—A, elevation, and B, section of up-stream anchorage of trestle ; a, recess in journal-
me:orlweive journal of trestle ; b, holding-down boit; c, steel pin connecting journal-box
t.

Fig. 950.—A, side elevation; B, front elevation ; and G, plan of down-stream journal-box,
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necting bars, one of which extends from the up-stream corner
of one trestle to the samne corner of the next, the other joins
the down-stream corners. The up-stream bar is the stron
because it has to support the upper ends of the needles

. A

[—— —— ———

loﬁoaooﬁamﬁo p~'°|

Fig. 251.—A, elevation : B, plan of up-stream connecting bar. The holes at the ends of the
bar fit on pins, A, Fig. 348,

form the dam. The needles are pieces of straight wood from
six to thirteen or even fifteen feet in length. Their cross-
section is generally square, and varies from three to eight
inches on a side. They are supported at their upper ends by

A

o B )
O 2

. ¢W.—A, clevation: B, plan of down-stream connecting bar. The holes at the ends of
m(howﬁtonpmn,n, Pig. 48,

the up-stream connecting bar, and at their lower ends by a
sill set in the floor of the dam. On the top of the trestles are
laid planks, forming a bridge from which the needles are
handled.

850. A good deal of leakage takes place between the
needles, and many ways of meeting the trouble have been
proposed. Among these is to make the alternate needles of
a T sbape, the arms of the T overlapping the needles on either
side. A second is to arm the alternate necdles with a strip of
India rubber that should cover the intervals on either side.
A third is to make the shape of the cross section of the
needles that of a regular or semi-regular hexagon and to ar-
range them in one or two rows. To hang curtains of tarpau-
ling on the face of the dam has also been suﬁgested. All
these arrangements have been abandoned, and the square
needles are now used as much more convenient and easy to
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The others go down in succession, care being taken to let
them down easily, because if allowed to fall they might be
broken. .

852. In case of a slight rise coming in the river, some of
the needles may be temporarily removed in order ‘to let the
surplus water pass off.

metimes 1t happens that the water rises so ratgligly that

the dam cannot be d‘i)amantled and let down. In this case it
forms exactly the same ohstacle that would be made by a
fixed dam of the same height.

858, To protect the dam tenders in their operations by
night, or in stormy weather, a sort of hand-rail 18 placed on

Fig. 256.—8ide elevation of trestle on the Belgian Mense. E B O P, trestle; B E, down-stream
stile; C F, up-stream stile; E F, cap: BC, axle: M, movable bar resting against cap; O,

attached fioor; A D, axle of fioor; H, square end of jack-post; G N, needle; G, eye on
needle.

one side or other of the trestles, the down-stream side bein
the better, on account of interfering less with handling the
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a claw at the other. Through the eyes passes an axle which
is attached to the top of the trestle {) a prolongation of the
down-stream stile on the one side, an(f on the other by a tube
welded to the cap. A chain reaches from the free end of
the attached deck of one trestle to the axle of the deck of the

‘Prk 8]

3

Fig. 260.—A, front elevation, and B, side elevation of jaok-
post, with escapement closed ; C, section on @ d; D,
section on ¢ d. In all four a is the set screw.

{13 c.ﬁ.a_

.u,gc Dg

next. This chain is sufficiently long to allow one trestle to
be upright and the next to lie down.

To raise one of the trestles the chain fastened to the deck
axle of the one already up is pulled in. This draws up the
free end of the deck of the next trestle, and with the deck

A
= <5
- B
e ©)

Pig. 261.—A, elevation, and B, horizontal section of movable bar: a, eye that fits the tube; 3, -
tabe, and ¢, jack-post of next trestle with escapement closed ; d, arm to stop movable
bar at cap of trestle when the escapement is opened.

comes the trestle to which it is attached. When the rising
trestle is up the claws of its section of the deck are engaged
on the deck axle of the preceding, and the movement 1s fin-
ished.

The bar that supports the upper end of the needles is no
longer a connecting bar. It simply swings around the tube
that forms the up-strecam support of the deck axle.
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those alengside, and separated from them by an interval of
about four inches. These panels are of wood, rectangular in
shape, and free to oscillate about the head of a frame called

Fig. 203.—8ection of Chanoine dam, showing wicket down, up, and swung. A, panel: B,
horse; C, prop; D, hurter: E, slide; F, sill; G, trip-bar: H, anchoring bolt: I, h
ing disc; K K, pillows: O, axis of oscillation. A’, B/, (/ show panel, horse, mnd prop
when down. Dotted lines show panel swung,

the Aorse. The horse revolves about an axle at its bottom.
To the head of the horse is fastened a long prop, the lower

Pig. 263.—Plan of Chanoine dam. B, horse; O, prop: D. harter; E. slide: F, oll; G, trip-
bar; K K, pillows, Dotted rectangles show position of panels when down.

end of which rests against a shoulder or Aurter. The panel,
the horse, and the prop, taken together, are called a wecket. .
The part of the panel above the axis of oecillation is called
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breech-chain is pulled in until the prop falls into its seat
Warning is given of its having reached its place either by the
noise of its dropping into the upper step or by the arrival of a
marked link at the windlass. ’i‘:he panel is nghted by letting
out the breech-chain slowly until the sill 18 touched. To
lower the wicket it is first brought to the swing by raising
the breech. The motion is continued until the %\ead of the

» 3 B
aTl‘/ S x"
1 k o

Pig. 269.—A, longitudinal section: B, plan of Pasqueau's double-seated hurter and alide ;
@, prop seat ; b, pasiage ; c, groove; A § k } hurter; ¢ m n &, slide.

horse is pulled up-stream, dragging with it the prop, which
then falls down the second step anf is thus left without sup-
port. The inclined face of this second step directs the prop
toward the passage of the hurter. The weight of the system
carrics it down, and the chain being paid out, slowly prevents
it from falling to the bottom with a shock. By means of
this device each wicket is entirely isolated and independent.
One of them failing to act will not canse any interference
with the other, and, even in the event of any difficulty, the
absence of counter-catches makes it easy to knock down a
prop from a skiff below the dam. A further advantage is
that the navigable pass can be made of any width desired,
which was not the case with the old trip-bar, because there
the width of the pass could not exceed twice the length of a
bar, one being manceuvred at each end.

863. Boulé Dam.—If an ordinary Poirée dam be stripped
of its needles, and in their place there be used sliding gates
made of a certain number of planks laid horizontally and
firmly fastened together, these gates being slightly shorter
than the distance between the axles of the trestles, and hav-
glg each end resting on a trestle, we shall have the Boulé

am.
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Fig. m.—éecﬁmfo‘?ozlé dam, showing manner of raising a gate, The derrick runs on the
ot ‘the "
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Fig. 271.—Front view of Boulé dam.
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The gates are made of four or five planks laid side by side.
The thickness of the planks must be proportionate to the dis-
tance of the trestles apart and to the head of water. T-irons
are bolted to the back of the %ate. They answer a double
purpose: 1st, they keep the planks from separating and
strengthen them; 2d, they are guides to Krevent the gates
moving sideways and being displaced. better arrange-
ment is to place ribs on the trestles to act as guides. At the
top of the gate a countersunk handle is attached.

864. The manceuvres are two: 1st, to set the gates in place ;
2d, to remove them. The manceuvring apparatus is a small
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Fig. 202.—A, front view; B, back view: C, plan of Boulé gates; a, @, handle: ¢, ¢, T-iron
guides; d, d, cap of trestle; e, connecting bar.

derrick that runs on the track formed by the connecting bars
of the trestles. To the side of this derrick is attached a little
crane as an auxiliary.

The dam being wholly open it is desired to close it. The
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trestles are raised exactly as in the Poirée dam. The derrick
is run out on the track, followed by a truck carrying three or
four gates. The crane picks up a gate from the trunk and
swings it around so that the chain of the main derrick can
take it. The gate is lowered into place between two trestles,
the T-iron guides keeping it in position. The derrick is
then pushed on to the next space and another gate is low-
ered, and so on till a single row has been laid all acroes the
dam. The second row is then laid in the same way as the
first, and so on for the third, fourth, or any other row.

To dismantle the dam the operations are performed in re-
verse order. The top row of gates is removed, then the next
below, and so on down.

865. Bear Trap Gate.—Thisstyle of dam is formed of two
lane gates, having their axes of revolution in the floor of the
am. One of them is arranged to fall up-stream and the

other down-stream. The one that falls down-stream has its

Fig. 213.—8ection of bear-trap gate raised. A, lower gste; B, upper gate: C. entranoe for
water from passage in pier; D, auxiliary gate ; E, trigger; E M, trigger rod ; F, G, anchoe-
ages; H1K L, pier.

axis on the up-stream side, the one that falls up-stream has
its axis on tEe down-stream side. The gate falling down-
stream is called the upper gate, the other is called the lower
gate. When the dam is down the upper gate projects over
the lower. Near the top of the upper gate a bar of wood is
fastened to the pier as a stop to the movement of the lower
gate. Under the gates a chamber is made in the floor of the
dam into which water may be introduced from the upper
pool by a lateral conduit. Above the upper gate an auxil-
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any great amount of water from passing. The space behind
the counter-wicket being in communication with the lower
pool prevents the water that leaks through from rising above
this level.

To lower the dam the position of the valves is reversed.
The pressure of the upper pool is now brought to bear against

Fig. 278.—Arrangement of bottom of wicket, sill; H
8. rubher bad 3 A, sill; B, counter-wicket ; O, India-

the back of the counter-wicket, which, therefore, is forced
upward at the same time that the wicket proper is forced
down by the direct pressure of the water in the upper pool.
870. In case that sand or gravel, or anything of that sort,
should find its way into the drums, the latter are easily washed
out by opening the np-stream side of the drnms at one end of
the dam into the upper pool, and at the other into the lower.
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for any purpose connected with navigation.. The bear-trap is
an American work, and invention has been mainly confined
to modifications thereof, except in the case of the ABrunot
gate. This last differs from the Krantzsystem in two points:
1st, it has no panel; 2d, the ponton is hinged at the upper
up-stream corner, and itself forms the dam.

878. These various forms of dam lend themselves better to
some purposes than to others. The Poirée, Chanoine, and
Boulé systems are well adapted to service in either the navi-
gable pass or the weirs. The Desfontaines and Girard sys-
tems, on account of their high masonry floors, are applicable
only to weirs. The bear-trap is only good for small widths,
and within limits of thirty-five to forty feet it may work well
for either great or small lifts.

879. When the obstruction in a river cannot be overcome
by any of the preceding means, as, for example, in those con-
siderable descents in the bed known as rapids, where the
water acquires a velocity so great that a boat ¢an neither
ascend nor descend with safety, resort must be had to a canal
for the purpose of uniting its navigable parts above and
below the obstruction.

The general direction of the canal will be parallel to the
bed of the river. In some cases it may occupy a part of the
bed by forming a dike in the bed parallel to the bank, and
sufticiently far from it to give the requisite width to the canal.
Whatever position the canal may oceupy, every precaution
should be taken to secure it from damage by freshets.

880. A lock will usunally be necescary at each extremity of
the canal where it joins the river. The positions for the ex-
treme locks should be carefully chosen, so that the boats can
at all times enter themm with ease and safety. The locks
should be secured by guard gates and other suitable means
from freshets; and if they are liable to be obstructed by de-

its, arrangements should be made-for their removal either

y & chase of water or by machinery.

If the river should not present a sufficient depth of water
at all seasons for entering the canal from it, a dam will be
:lequired at some point near the lock to obtain-the requisite

epth.

t may be advisable in some cases, instead of placing the
extreme locks at the outlets of the canal to the 1iver, to form
a capacious basin at each extremity of the canal between the
lock and river, where the boats can lie in safety. The cutlets
from the basxxs to the rivers may either be left open at all
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times, or else gnard gates may be placed at them to shut off
the water during freshets.

88L. The French have done more for the improvement of
their water-ways than almost any other people. All the sys-
tems mentioned here, except the bear-trap and the Brunot, are
of Frerich origin. The engineering literature of France con-
tains a vast amount of interesting matter on river improve-
ments. Much of this is to be found in the Annales des Ponts
et Chaussées, in the shape of varions exhaustive articles on
different subjects. The Cours de Navigation Intérieur, by
M. de Lagrené, contains the best practice up 2o the time in
which it was written, but since then the subjert of movable
dams especially has made great strides in adve ‘.
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the strain shall ba the same on the unit of area of every section,
and tharefore equally strong at each section, % must be corstant.

g- 1> apply this, let the cross-section of the bar (Fig. E) at
cvery point be a circle, and let the radius of any
one of these circles be represented by r.

The area of the circle will be

T rs,

and, dz being an elementary length of the bar, any
elementary volume will be expressed by

x r8 dz,
and the weight of tnis elementary volume by
x r8 de w.

For any volume of the bar of the length z, the ex-
pression for the weight will be

w f « r? do.
Substituting these values, in Eq. (C), for A, and
2 A 1, and making > — ¢, there obtains

W4+ w ﬁ r dz
=Ee¢; (D)
xr ’
to represent the strain on the unit of area on any cross-section.
Differentiating Eq. (D) there obtains,

wrr'de=Eec¢2xrdr,

Lience o
©w
by T
which integrated gives
)
log. r= §-E—cw + 0\,

which shows that the line cut from the bar, by a section through
the axis, is a logarithmic curve.
Making = v* = A, and E ¢ = m, in Eq. (D), there obtains
W+ wfAde=mA; (E)
nence, Sy differentiation,
wAder=mdA,

dA w
< =w

and
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Resuming now Eq. (A), and substituting in its second member
dz dy = a for A, and y a for [, there obtains

Edzdy%‘,

which expresses the relation between the strain, and the correspond-
ing elongation for any elementary fibre,

“Therefore the total strain on the fibres elongated will be ex-
pressed by

- fEd:ndyy.

In like manner the strains on the compressed fibres will be ex-

pressed by
—TfE d= dy y;

the negative sign being used to denote the contrary direction of
the elastic resistance of the compressed fibres.

As these strains are caused by the force W acting to deflect
the bar, and therefore to produce rotation about any neutral axis,
as O P, with an arm of lever O F = z, there will obtain, to expreas
the conditions of equilibrinm of the system of forces,

%—fdedyy— %f_/‘Edzdyy:Oi(G)
and

%ffEda: dy o +—£—ffEdwdyy'—Wz=°; (H)

Eq. (G), which expresses the condition that tho algebraic sum of
the strains on all the fibres, parallel to the mean fibre 18 F'. and
perpendicular to the plane C’ IV, is equal to zero, shows that the
neutral axis, O P, passes through the centre of gravity of the
figure of the cross-section; and Eq. (H) that the sum of the
moments of the strains and of the force is also equal to zero.

‘When the centre of gravity coincides with the centre of re,
or the neutral axis divides the cross-section symmetrically, Eq. (H)
becomes,

2% J‘fEdzdyy’—Wz:O.(I)

1. The expression
ey

it will be seen is analogous to the éeneral expression for the mo
went of inertia of a volume of uniform density, in which E is con
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I — — .
=t =ibd.a=¢Argd;

for the ellipse, the area of which is } = b d, there obtains,

l_"rrbd’
- {d

for the = cross-section, if the breadth b — b’ of the web connecting
the two flanges be so small that its area may be neglected in esti-
mating the quantity I, and in like manner the thickness d — d’ of
the flanges be also so small, as compared with d, that it may also be
neglected in the same way, then the value of I will nearly approach
to the quantity } A d')in which A is the area of the flanges, there-
fore
I }AQ
—S="-—=4%Ad
¥=§a -t

Comparing the three values above of *—%, it is apparent, that, A

being the same in each, the cross-section of greatest resistance is
that of the T form ; and that of the rectangle is greater than in the
ellipse. And that in each, A remaining the same, but 4 varying

inversely as d, 1 will increase with d. This shows that the mass

of the fibres should be thrown as far from the neutral axis, which
in each of these cases is taken to bisect the distance d, as the limits
of practice will allow. Hence is seen the advantage presented in
the cross-sections of Figs. G and H.

p. Shearing Strain.—This term is applied to the resistance offered
by the fibres to a force acting in a plane perpendicular to them, as
illustrated by Fig. C; and the force producing the strain is termed
a shearing force.

The result of the action of such a force would be such, for ex-
ample, as would be seen in the distortion that would take place in
a very short bar of great relative stiffness, like a nail or peg,
which, firmly fixed at one end, should be strained by a force acting
on the projecting part perpendicular to its axis.

Comparatively few experiments have been made to determine the
amount of resistance offered to this kind of strain. But from the
evident analogy of the phenomena in this case to those in the case
of the direct elongation of the fibres, writers on the subject have
ptoposed to express the relations between the distortions of the
fibres and the forces producing them by formulas analogous to thoss
for the forces and resistances in the cases of direct elongations.
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sis adopted, that the resultant of the resistances offered by the
longitudinal and lateral elasticities of any material to a strain,
caused by any force which calls into action these two resistances,
passes through the centre of eg;avity of the resisting section, this
point is termed the centre of elasticity.

q. Limits of the resistance on the unit of area to a longitudinal,
or lateral strain.

By mcans of the fundamental formulas (A), (L), and (O) the
limit of the strain on the unit of area, at the fibre where the strain
is greatest, caused by a force acting in the {:lane of symmetry of the
cross-section, whether perpendicular or oblique to the direction of
the mean fibre, can be readily determined.

Supposing the force to be oblique to the mean fibre, it can be
resolved into two components, one P perpendicular to the direction
of the fibre, the other Q parallel to it. The component P will pro-
duce a deflection, which will give rise to & certain amount of com-
pression, or extension in the extreme fibre, the value of which, for
the unit of area, can be found from formula (L). In like manner
the component Q will cause a certain amount of compression, or
extension, the value of which, for the unit of area, can be found
from the formula (A). Now these strains being in the direction of
the fibres, their amount on the unit of area for the extreme fibre,
will be equal to the sum of the two calculated from formulas (A)
and (L); and should not be greater than the resistance R that can
be offered with safety to the unit of area in question; or

Pzd Q—

T3tach

in which % is the distunce of the extreme fibre from the neutral

axis; and A is the area of the cross-section.

The component P is also the amount of the shearing force on any
cross-section ; and the resistance to it on the unit of area can be
found from formula (O), denoting by R’ its limit there obtains

P_ 7=n
A= G L <R.
tor this limit.

If the strain, therefore, on the unit of area is in the one case less
than R, and in the other less than R/, the change which the fibres
will undergo under the action of the force will be within the limita
of safety.

It is important to remark, that the values of R and R’, when the
sign of equality is used in the two preceding expressions, cannot
always be satisfied in practice for any assumed area of cross-section,
although for economy of material it is desirable they should be,
Taking, for example, a beam of a rectangular cross-section, the area
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greatest ordinate of the curve C D, represented by f, is obtained by
making z = 0, Eq. (5); hence

r=t L

Case 2. (Fig. Q) Strain arising from a weight or pressurs w,

uniformly distributed over each unit of length of 21.

this case the reaction at each support will be — wl, and is
equal and contrary to either of the two parallel components of 2 w,
‘he total weight.

For any distance ! — = from B, the weight will be w (! — ) acting
downward ; the fibres therefore at the cross-section at the point,
, y, will have a strain caused by — w ! acting upwards, and w (I
— z) acting downwards. The moment of the force of reaction will
be —wl (I — 2); and that of w (! — ) will be w (! — ) § (! — =)
= 4 w (! — z)". The bending moment therefore will be the algebraio
sum of these two. Eq. (3) then becomes

e oo —wi(—2)=—jw@—2) (6

Hence, by the same prooesses of integration as in Case 1,

&
w 4 I'x* 5 w
y=t7(% -7+t m 7O
=%-":—(P—m')(5?—w’). )

A comparison of the value obtained for f} the greatest ordinate,
from Eq. (9), and for £, obtained from the following equation,

5
V=5 r@—a),

which is the equation of a parabola, obtained by omitting z* in Eq.
(9), the greatest value of which is [, as small with respect to b I,
will show that the latter equation may be substituted for the
former, as that of thecurve AD B,

From either of the two preceding Eqs. there obtains, for f cor
responding to z = 0,

b w
f=—217r0

To ascertain the position of the cross-section where the greatest
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From this value of £ it will be seen that it is the same as if one
half of the pressure uniformly distributed had been concentrated at
the middle point; and, by making v = 0 and W = O, respectively,
iu it, that the corresponding values of f obtained will be in the
relations of 4 and b respectively to 1, as compared with f in the
preceding cases.

Substituting in Eq. (10) for  its value,

. p=4Wi4 {wl,
there obtains for the bending moment,

| oY = W -22) - 0 (P32, (a)

From an examination of this equation it will be seen that it is
esgentially negative for x = 0, and that as z increases its absolute
value decreases, up to a value &' of # for which

-%(1—21)—iw(z'—3xﬁ)=o;'

and which equation, solved with respect to 2’, will give one positive
root, comprised between the limits of 4 { and V—s—; the first corre-

sponding to w = 0, and the second to W = 0. With regard to the
root ' of the preceding expression, as it corresponds to the value
Ty
dx’
corresponding to the abscissa 2’; and, beyond this point, that Eq.
(a) changes its sign, and continues increasing in value; and, as the
greatest negative value corresponds to z = 0, and greatest positive
value to x =1, it will be seen, that since these values, which are
respectively,

= 0, it shows that there will be & point of inflection in the curve

—dWil— 3wl and § Wi+ Jwl

are the one minus, the other plus, the greatest strains on the unit
of area of the cross-sections will therefore be at B and D ; the lower
half of the cross-section being compressed at B, whilst that at D is
in a state of tension.

The strains from the shearing force, at any cross-section, will
arise from the two forces W, and w (! — z); and as the introduction
of the moment p of the couple does not affect these values, it will
have no eftect on these strains which will be due alone to them.

8. Beams supported at three points in the same right line, and
acted upon by pressures distributed in any manner perpendicular to
the mean fibre,
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In this case the forces of reactions, @/, Q and P, are among the
quantities to be determined from the conditions of the question.

As the total load, or pressure 2 w’ I and 2 w, on each segment
reapoctively, may be regarded a8 acting at the middle point of the
segment, and as their sum is equal to the sum of the forces of re
action ; from the principles of statics, there obtains the relations,

U+Q+P= 2w’l’+2wlw$
QU x2V +2wlxl=Qx2l1+20 ¥ x¥; (b)

in which Eq. (a) expresses the relations of the sums of the forces;
and Eq. (b) that between their moments with respect to the pomt
B.

Referring to Eq. (6), Case 2, § 1, there obtains, to express the
relation between the moment of flexibility for any cross-section of
the segment B C, at the distance z from B,

.%’,’:,}wm—z)*—q (@1 —2); (1)

integrating between the limits of z, and # = 0, and observing that
for the latter limit, dZ = tan. w; and that the constant intro-
duced by the integration becomes s tan. w ; there obtains

lﬂ—q}w(4l’w—2lz’+ ”') Q('zzz—%')+-tan.m;(2)

integrating Eq. (2), there obtains

cy=}w (2z=z*—gzz' +%‘)—Q(zz'—§)+:m~z,(s)

forcthe equation of the curve of the mean fibre of the segment
B

By mmply changing w, I, Q to correspond to the notation for the

ent A B, and + s tan, w into — & tan. w, in Eqs. (1),&) and

(3), the same ' relations will be obtained for the segment A

But since, for # = 0 and = 2 [, y becomes zero, there obtains
by the substitution of = 2 { for the segment BC,and 2 = 21
for the segment A B, the relations,

0=2wl‘—-§Ql’ + 2etan. wl (c
0=2wl"—-§QU'—2¢ctan. wl. (d)

From Egs. (a), (b), (c) and (d), by the ordinary process of elimina.
tion, the quant’.xtle; P,QQ and tan. w can be readily found.




Digitized by GOOS[@



573 APPRMDIX:

and its moment will be — 4 w (! — 2°), estimating the direction of
the rotation from A X towards A ¥ as positive. Then, in the
expression of the bending moment for this point, there will enter
this moment, and also the moments of all the other forces, arising
from the reactions of the points of support, and the pressures dis-
tributed uniformly over the different segments, from A towards
X; the moments of which last forces will be expressed in terws
containing the first degree of z only and constgnts; so that, defi-
nitively, the bending moment for this cross-section will be of the
form A + Bz — 4 w2’; in which A and B are constants, to be
subsequently found.

Taking then the general Eq. between the moment of flexibility
and the bending moment, there obtains,

:%:A-{-Bz—-}wz’.(l)

Integrating between the limits of = and z = [, and representing by
K’ what j—ibecomea for z = 0; and by K" for z = [, in determining
the value of the constants of integration, there obtains

(2 _w)=As+§Ba'—juat (2)

s(K"=K)=Al+ 4Bl — {wl (3)
Integrating Eq. (2) again, between the limits z = 0, and z =1,
there obtains
—sK'=3 Al +3Bl—Jrwl (4)
Eliminating K’ between Eqs. (3) and (4), there obtains
tK'=3Al+3Bl—3wl (b)

By placing the origin of co-ordinates at B, the bending moment,
for any cross-section in the segment B C, will, in like manner, take
the form A’ + B'z — § w' 2%, by usingtixe same processes as in the
segment A B; and from these it will be seen, that there will be the
relation, analogous to Eq. (4), shown by the expression,

s K'=3A' U+ B P — w0l (6)
Eliminating K" between Eqs. (5) and (6), there obtains
FAI+3A T+ 4BP 4+ 3Bl —fwl— R wl*=0.(7)

Now the quantities A, B, A’, B', can be expressed in terms o.
X', X", X; for the function A+ Bz —4 w z* should have the same
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Let A, B, G, D, B, (Fig. V) be the five points of support. Re
present by
‘ !, the equal distances A B, B G,

v etc. H
Bg' w, the weight on the unit of length ;
P ’ P, the force of reaction at the mid-
P dle point C;
P’, P, the equal forces of reaction

) at the point B, D
E P” P”, the same at the extreme

points A, E;
X', X", the bending moments at B and C.
. Resuming Eq. (c) and applying it successively to the segments,
A B,BC, and BC, C D, there obtains for the two first

X'+ ) +X"l+}(wl +wl)ord X' + X"+ 30l =
(0) ; and for the two B C,CD,

X'4+2X"+3wi'=0;
and by elimination,
X'=—gwland X" = — L wl

Now, for the segment A B, the forces acting upon it, to produce
deflection, are the force of reaction at A which is P”, and the weight
w ! uniformly distributed over the segment ; from this there obtains,
as in the preceding cases,

Pl—3wl=4+X'=— Fowl. . P'=}wi= (% (4wl

For the segment B C, the forces producing deflection are the two
forces of reaction P", P, acting with the respective arms of lever 2
! and !/; and the two equal weights w [/, the one acting with the
arm of lever § /, and the other with the arm of lever } /, hence

P.2l4+Pl—jwl—3wl=+X"=—Lwl;
hence, substituting for P’’y and reducing,
P =§fwl=gF (4wvl).
Having determined P’ and P’, there obtains, since the sum of the
forces of reaction is equal to the entire load,
P+2P"+ 2P =4wl .. P={}(4wl).

Case 4. Suppose that the beam is uniformly loaded and resting
on n points of support at equal distunces apart.
Let I = one of the equal distances,
w = the load on a unit of length,
X,, X,, X,, etc., be the bending moments over the supports,
Vo V), V,, etc., be the reactiouns of the supports, and
» = the number of supports.

P

T
A

™ e

p

?
|
[]

A
c




APPENDIX, 577

If n be even the reaction of the 4 2™ and (} n + 1) supports
will be equal, and if n be odd the ¢ (n + 1) will be the middle sup-
port, and the reaction of the supports equidistant from the middle
will be equal.

In this case Eq. (c) becomes when n is even,

X +4X + X+ 40l =0
X, +4X, + X, + 4wl =0

i";_,.+.4 ix;_; +.x;" :|‘ *wl’ = o
X1+ 4X o+ Xy +300l'=0

In this case X, =0. When n is known X,, X,, etc., become com-
pletely known, after which V,, V,, etc., may be found.

To find the inclination of the curve at the ends for any number
of supports, we begin with the general equation of momnents,
which in this case becomes

:% =—Viz+ $wa'.

Integrating once gives

1 e~ Vi2 4 o+ O,

Integrating again gives
sy=—1Ve2' + wat + Gz + C,

Buty=0forz=0 .. C,=0,
Alsoy=0forz=1..C, =}V, ' — L wl

Henoo s 2 = 4 V, (P — 32 + Jyuw(4a* — )
z‘\nd ey=3V,(P'z—2) + Jy w (2 — Px).
At the first support 2 = 0, and% = tang. 4,
o’ tang. = [4V.'— Wl]m
At the middle of the first space z =4 I, and the deflection at thas
point is

y=oa= [2417.-7«:1]38"T

u. Application of the theorems in the preceding sections to esti-
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B A; that in the direction A A’ will bo —'—, the other W tan

a; showing that A A’ is subjected to compression and B A to

extension,
The force w‘fa is transmitted to the point A’, where it is re-

ceived and counterbalanced by the resistances offered by the piecee
A"B' and A’ B. Prolonging A A, beyond A, setting off from A’

on this prolongation vl L resultant, and constructing the par-
allelogram of forces in the direction B A’ and A’ B'; the compo-
nent in the direction BA' will bo V' —; tiat in A’ B, 2 W tan.a.
The first will cause extension, the second compression.

The force co‘za is transmitted to the point B, where, resolved in
the directions BB, B C, the two components will be as before
cos..a’ and 2 W tan. a ; and the same will obtain by a like process
at the other points of articulation.

From this it is seen that each brace bears a strain due to =

the one A A’ and those parallel to it being compressed, the others
subjected to tension. That, at the points, A, B’, C), etc., there is
a compression of the segment to the right equal to 2 w tan. a, from
the action of each brace separately, but as these pressures collec-
tively accumulate from A’y by 2 W tan. « at B/, C, D', etc.; the
pressures on the successive segments will be

2 W tan. a for A’ B'; 4 W tan. a for B' ¢’ ; 6 W tan. a for C' D’, ete.

On the lower beam, in like manner, the tension on the segment
A Bis Wtan. «; that on BC,3 W tan.ea; on C D, 5 W tan. a,
etc. The compressions and temsions thus increasing towards the
middle of the upper and lower beams.

It may be remarked that the directions of the compression are
from A’ towards A, etc., for the compressed braces; and those of
the tensions from A’ towards B, etc.

Were the force 2 W to act at any other point, it would be sim-
ply necessary to find, from the theorem of parallel forces, the com-
ponents at the points of support, and find from these, regarded as
the reactions of these points, the strains as just explained.

In the case where the weight is uniformly distributed, let 2 w be
the vertical weight at each lower point B, C, etc., and n the num-
ber of these lower points. The entire distributed weight will be 9
n w, from which there will be a reaction n w at each support.
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the second place, the single brace A A’ may be subdivided into sev-
eral others inclined like it in the same direction and at equal dis-
tances apart so as to occupy the space between A A’ and B B’; the
same transformation may be supposed made with respect to the
other set of braces. It wil! readily be inferred that if A B is but a
small portion of the entirs distances between the supports, the
second transformation will have but a slight effect on the compres-
sions and tensions of the horizontal beams ; and as regards the braces,
compressed between any two consecutive parallel ones of the first
system, they will as a whole produce about the same effects as the
two they replace; and the sum of the areas of their cross-sections
should therefore be the same as that of the two they replace.

It should be well understood that in this change the braces of the
new system are supposed to be connected only at their ends. But
in fact they are usually connected where they cross each other,
which is in favor of the safety of the system, but as it is nob easy
to render a satisfactory account of the eect of this connection it
may be left out of consideration.

The method given in the preceding analysis is applicable to the
cases where the load is applied to the upper chord, and also where
it is applied to only & part of the joints (or nodes) of the lower or
upper chord. It may easily be shown that some of the members
of the webbing will be strained most when a pa~t of the uniform load
is removed, but the strains upon the horizontal members (chords)
will be greatest when the frame is fully loaded. In the figure

v, v.

w = the weight per foot of length of the beam (or of the dead
load) ;

w' = the weight per foot of length of the moving or live load ;
z = AB = the length of the live load ;

V, = the upward action of the support at A ;

V, = the upward action of the support at B;

z = Ca = the distance from C; an

Ss = the shearing stress, or the resultant vertizal force at any

required point.
‘We have o
Vi=4wL + E(L—}z)z
z*
Vi=3%wL +%ﬂ

Be=V,~wz=4§wl +';—f—wz
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If now we suppose that the load extends from A to a, t
port at C will sustain

_w X Ba(z+$Ba) w'z®
- L

and the vertical force at @ will be *

w' x Ba(z + $ Ba) w'z?
I +§wL+T—ws

which evidently exceeds the former value of 8¢ and henco t!
tical shearing stress at any point is greatest where the load e
from that point to the support. It now remains to be shown th
greatest when it extends over the longer segment.

If the live load extends from A to @, then 2 =L — 2 a
shearing stress will be

U™ ]
Si=fwl+ o —w(L—2)

If the live load extends from & to C, the shearing stre
will be,

" W
Sc_}wL+2L(L 2
88 —Ss=—§(w+2w) (L—22) — wz

which is zeto forz =4 L;
negative for z < 4 L; and
positive for z> 4 L;

hence, the vertical shearing stress at any point for an unifo:
load is greatest when the longer segment is loaded and the sh:
unloaded.

Reducing the preceding value of Ss gives

w'z?

= —2L + wz — *WL’
which, considered as the equation of a curve, is represented
annexed figure. The ordinates
E

M 8 and the abscissa is z.

AN If a live load were placed up
i \.\ Leam and extend over the whole
Al <

‘ |c and the beam be considered as
— D : load, and the live load move off w
shock in the direction from C tows
then will the ordinates of the curve DB at any point repres
vertical shearing stress when the rear end of the load reach

.
)
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tion caused by the bending forces; representing by d s the 1
of tke elementary prism along the mean fibre, we obtain fron
(A), substituting P for the normal component of all the force:
for 1, d =, the projection of the elementary prism on the axis

Pdz
Ea®)

as the amount by which the portion of the chord & # is elon
or compressed. Again, from Eq. (I'), substituting M for W
bending moment, with respect to the neutral axis at E, of a
deflecting forces, forming a couple, acting at B, and d &, the I
of the elementary prism, for L; and noting that were the po
free to move around the neutral axis at E, that the horizontal
ponent of its motion towards A would be found by multiplyin
angle a by the ordinate y of the point E, or y a, there obtai
express this change of length of d & in the direction B A

Mds. ,
~gr®

Now by the addition of the expressions (a') and (b’), there ol

Mdsy 6 Pdz ,,
T t EA

to exi)ress the total elongation or compression of the portion ¢
chord corresponding to d 8. Integrating (¢’) between the lin
and 2 @ we obtain

2a /My ds P _
fo (EI dm’“iﬁ)“—o’(l)

to express the fourth equation, containing the condition ths
length of the chord shall remain unchanged.
Now in Eq. (1), M is the moment of all the deflecting fi

In like manner
EB:FB:BM:Mo=DMxFB

EB

by substituting as above for B M, and (s — 2), the abscissa of the po
for F B.

The quantities B O and M O are evidently the amount by which th
tion F B of the half span and that F E of the rise would be changec
the point B free to take the motion assumed, the point E remaining #

=(@—2)a,
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known and unknown, with respect to the point E, acting at B.
Representing by M’ the moment of those that are known, and by
Q y that of the unknown, there obtains

M=M—Quy. (d)

In like manner, the components of P and Q, on the projection of
the tangent at the point E, may be represented by P’ for that of

the known forces; and by Q % for the unknown. There obtains

therefore
P=P—-Q 22 (¢)
d

In other words, M’ is the sum of the moments, with respect to any
point E of the mean fibre, the ordinate of which is g, of all the
forces which act from this point to the point B, the moment of Q
not being considered ; and, in like manner, P’ is the sum of the

rojections of the same forces on the tangent at E, Q being also

ere left out. M’ and P’ are thus immediately functions of = and
easily found ; the only unknown quantities in M and P being the
unknown terms W"” and Q; the first of which is given by the third
of the equations of the statical equilibrium of the forces. Substi-
tuting the values of M and P, expressions (d'), (¢), in Eq. (1), and
naking E I =¢, and E A =, there obtains:

2a 2a 2a
Myds y'ds P
— az%2 Q) Tazést) T4
2a
—-Q 1dz
-‘-3sz=0;(2)
0
henoce
2a 2a
Myds P
= az%*t ) 9

0
Q=
/2¢ 2a
yds 1ds
s dzd¢+‘/‘cda ds
0 0
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Having thus determined the values of W” and Q, those of W
Q' can be found from the three equations of statical equilil
above.

Q and Q', which are equal in the case under comnsideratio
the horizontal pressures on the points of support, and are t
the horizontal thrust.

Case 2. The arc being symmetrical and loaded symmetr
The conditions in this case are the same as in the preceding ¢
that, instead of a single weight W acting at E, there is an
one acting at the point G, symmetrically situated with E, wi
spect to the vertical C D bisecting the chord.

Taking DY and D X as the axes of co-ordinates, Eq. (
comes for this case,

M
( yda_'__l:
¢ dz e

)dz=0. 4)

Substituting in Eq (4) M'—Qy for M, and P'—Q %’ {

there obtains

q a a
/Myd'dz—Q ny’dadz_*_ -I:-dz
dz e
0 0 0

s s dz

a
1 d=
hence
a a
M d—'—dz+ —dz
] dz e
0 0

(6)

alte 8
a

Q=
a
]
d’dz+ ld'dz
z eds
0 0

Application of the preceding Eqs. to the case of & curved
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the moan fibre of which is a circular arc, anc. which is acted on by
a weight W applied at the point E.

Case 1. Let A C B (Fig. E') be the arc of mean fibre, supported
ut the points A, B, and acted on at the point E by the weight W.

Taking O for the centre of the curve, let D Y, D X be the co or-
- dinate axes. Represent by

2 a = A B the chord of the arc;

= D C the versed sine, or rise ;

p = O B the radius of the arc;

a the angle which a radius O I, at any point I, makes with the
axis O Y ;

¢ the angle which O B makes with O Y ;

0 the particular value of a which corresponds to the point E }

o

W, Q, W', Q' the vertical and horizontal components of the
forces of reaction at the points B, A.

Using the same notation as in the preceding equations ; there
obtains to express the statical conditions of equilibrium

—Q'=0
W4+W'-W=0
W p (sin ¢ + sin 6) = 2 W” p sin ¢.
Eliminating W'’ between the second and third Egs. there obtains:

W"=,}W(1+j‘—;{),
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WoaiW(l— :—:f),

Py
Q=Q.

W' ana W” being known from the first two Eqs. there remains
only Q and Q' to be found. To find these, it will only be

to substitute the known terms in these Eqgs. in Eq. (3) to find Q.
But we have a more simple and neat method of arriving at the
same result by supposing an equal weight W to act at the point G,
symmetrical with respect to E, and the co-ordinate axis Q Y, and
then to use Eq. (6) to find the value of Q. Supposing the second
equal weight W to be applied at G, and that the horizontal compo-
nent of the new reaction to be represented by Q, then, by a very
simple process of reasoning, it can be shown, that the relation ex-
pressed by

2Q=Q|
will obtain,

Introducing this value of 2 Q in Eq. (6), there obtains
a a
1‘-u“-i—'da:+ I:dn

¢« dz e
0 0
Q|= -(7)
a a
3£d_n l1dz
¢dzdz+ _c.d_;dz

0

In finding the values of M' and P, it must be observed, that,
after the application of the second weight W, the vertical compo-
nents of the reactions at A and B are respectively W.

Now, in calculating the values of M'and P’ in functions of the
angle a, the following relations obtain,

Froma =0toa =6, {g’fowp(sintﬁ—ﬁno),
i ¢ ]
Froma=0toa = ¢ {gl:y&(:i‘:f;-m“)’
alsoy =p (cosa—cos ¢),z =peina, ds=pda,dz =pocosa
d a; substituting these values of M, P/, eto., in Eq. (7), and ob-

serving that p = !ﬁ, and ¢ and ¢ are constants, there obtains for
the numerator of the fraction,
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a . el
Myd P Wpe, . .
0 1]

é

oon ¢) da + ZE {sin (4 —sin o) (oo o — cos §) = =5

[
sin' ¢ sin a cos a}da;

and for the denominator,

a $
*ds  ldz ‘ I
/(%a*m)"“%f{‘““‘“” Horend
0

0
cos'a } da
Performing the algeﬁmic operations indicated by the symbols,
and integrating the resulting monomials, by well known rules, (a)

and then doubling the denominator of Q,, the value of Q will be
found. This value can be placed under the following form :

A— 3 eint § (sin? g — sin'0)

Q=W s (8)

B + L ain' ¢ (4 + sin d con d)

by making
A = }(sin' ¢ — sin’6) + cos ¢ (cos § + Osin 6 — cos ¢ — P sin ),
B=¢ + 2 ¢ cos’ — 3 sin ¢ cos ¢,

Case 2. Horizontal thrust caused by the weight of the ourved
piece itself, or by a weight uniformly distributed over a portion of
stz length.

@ Fottheintegmlsfdnaoooadamdfoo.’cdam Ohure’¢ Cab
owius, Arta, 190, 191, pp. 265, 906,
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Represent by w the weight uniformly distributed over unity of
length of the mean fibre; by 4, and 6, the limits of the angles
between which a weight expressed by w p (4, — 4,) acts ; and by w
p @ 6 the weight on the element of the arc comprised between 8 and
0+ da.

Now, the infinitely small horizontal thrust d Q, caused by the
weight w p d 4 distributed over the arc p d 6, will, from Eq. (8), be
expressed by

A—}:—:sin'¢(sin’¢-—sin’d)
dQ= wpdé. (9)

B+ :—,sin'¢(¢+nin¢eoa¢)

Clearing the denominator, Eq. (9), dividing by w p, and integratiug,
there obtains

.‘%{B+;i,ain’¢(¢+sin¢om¢)}= AdO-—}:—’,sin'.;,

.
{(o,-o,)sinrqb- :;n*ado} ®

6

Restoring the preceding value of A, performing the algebraic
operations indicated by the symbols, and integrating the several
differential monomials, there obtains,

;Q;{B+2—:sin’¢(¢+ sin¢cou¢)}=(1}sin'¢—cos'¢—¢
sin ¢ cos ¢ — })
x (8, — 8,) + 1 (sin 4, cos 4, — &in 4, cos 4,)
+ 2 cos ¢ (sin 6, — 8in §;) — cos ¢ (6, cos 4, — 4, cos 0,)

— 35 sintg {(6, = 0) (sin® $ — ) + 4 sin 6,000 6, — } sin g

cos 0, } . (10)

(8) For tho integral f 9 sin 030 see Church's Caloulus, Art. 169, p. 234,
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By making C = § — f oos' ¢ — ¢ sin s § + 1 =0 con 4,
andD =4 (sin¢p — 4 + }s%goomﬁ), placing them in the pre.eding
Eq., and then obtaining the value of Q, we have

¢ — D% sin®

Q=2wp¢ . (11)

B +;i,sin'¢(¢+sin¢cos¢)

for the horizontal thrust due to the weight of the curved piece; and
which would be sensibly the same in form were a weight uniformly
distributed over the top surface of the piece to be added to its own
weight.

To apply this formula when the weight of the entire curved piece
is alone considered, we should have to substitute, in Eq. (10), for
w the weight of a right prism having the same cross-section as the
picce, and one foot, if the foot is the unit of measure, in height, and
make 0, = ¢, 6, = —d,a.tthesametime.

Case 3. A weight being uniformly distributed along the chord of
the arc, or over a horizontal line through its crcwn, and transmitted
to the priece, to determine the horizontal thrust.

In this case, as the w corresponds to the unit in length measured
along the horizoutal, the elementary arc of the mean fibre, which
has for its length p d 6, will have for its projection on the horizontal,
o cos ¢ d 6, and it will sustain a weight expressed by w0 p cos 6 d 0,
Substituting this value in Eq. (9) there obtains

A~} sin' 6 (sin' § — sin'0)
dQ = wpcosbdb « (12). (o)

B + Dsint (4 + sin ¢ con ¢)

To obtain the value of Q between any two limits, 4, and 6,, Eq.
(12) must be integrated between these limits. Performing the
algebraical operations indicated by the symbols, and integrating each
of the ditferential monomials, there obtains,

() For the integmlﬁain@oocodo, which ocours in Eq (12), see CRurcA’s
Calculus, Art. 109, p. 234, and Art. 190, p. 265.
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;%{m;.mwmmm = (} sin® ¢ — cos’  —
¢ cos ¢) (sin 4, —sin 4,) — } (sin’ 4, — sin® 4,) + } cos ¢ (4: -
+ % cos¢p (4, 8in’ §, — 6, sin’ §,) + § cos ¢ (sin 6, cos 4, — mn 4, c«

— 45 sin’ g { (sin by —nin &) sin® ¢ — § (sn® 6, — min® 0) |
&9

By making §, = — ¢, 4, = ¢, and substituting for p,

making C’=—}+ﬁsin'¢+*-ﬁ$ooa¢—§¢sin¢co
there obtains
C'—&-:i,ain‘dt

Q=2wa » (13)

B 4+ I sin' ¢ (¢ + sin ¢ con ¢)

for the value of the horizontal thrust in this case.

By introducing the value of the versed sine, or rise C D, (
E') represented by f, into the preceding expressions, and by s
ble developments and changes, for the purpose of simplifying
results, the details of which cannot be entered into here, it ca
shown, that, when the rise is small in comparison with the spax
-"—f is a small fraction, the resulting values of Q will be apm
mately as follows :

‘When the load is uniformly distributed over the mean fibre,

3 r
SRY AN,

Q=WP¢§7 ITF ; ()
+—STf',

and when distributed uniformly over the chord, or span,

17

w a' 1—77’ L,

=3\ )
+_8f’

Now, as the valus of Q in the case of a suspension system, k
ing 2 a for thn span and f for the rise, in which the weight w,
each unit of length, i8 uniformly distributed over the span, is
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pression. As to the expression ME y, which may be either posi

«
" tive or negative, it may give strains either of tension or compres-
sion, as points on one or the other side of the neutral axis are taken :
the points strained may be either on the concave or convex face
of the curved piece, as M is taken positive or negative.

As the strains due to P and the couple M are superposed, there
will be a strain on the unit of area at the distance y, the absolute
value of which will be expressed by

_PE_MEy

and when M produces a pressure, the sign of the second term of
the preceding expression should be so taken as to add the two terms
together. But, for the points, where M, acting alone, would pro-
duce a tonsion, their difference should be taken.

Now of the ditferent values of this algebraic sum of the super-
posed forces, which vary with the angle a, or the assumed position
of the cross-section, that one is the important one which gives the
greatest cross-strain on the unit of area at that point in which this
strain is greatest in each cross-section, or the value of y corre-
sponding to + %and - ’5—

Before proceeding to find this greatest value of the strain in
question, it will be necessary {0 ascertain which of the two signs
of MCE
section considered. For this purpose, taking the value of M,
which is

M= —Qp(cosa —cosd) + W’ p(sin¢p — sin o) — 4w p’ (sin ¢
\

Yshould be taken, as respects the position of the cross-

?
— sin a)’,

making Q == 7 p w a, n being a number to be calculated, and re-
calling that W” = wp sin ¢ = w a, and substituting these values
of Q and W' in the preceding expressions, there obtains

M = 4wp' (sin'¢p — 8in'a) — 271w p’ sin ¢ (cos a — cos ¢) ;
and as sin’ ¢ — sin’ @ = cos' a — cos’ ¢, there further obtains,
M = }wp' (cos @ — cos ¢) (cos a + cos ¢ — 4 n sin ¢).

This expression reduces to zero for a = ¢, as was to be expected,
since the reactions of the support were supposed to be taken at the
centres of elasticity of the extreme sections; it also reduces to zero
for
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cos a = 4 n gin ¢ — cos ¢ = cos @,

but this solution is true for a point of the mean fibre only if the
angle a,, determined by the above equation, is real and less than ¢.
The two conditions must then be imposed, viz. :

4nsinp—cosp <l
4 n sin ¢ — cos ¢ > cos ¢,
From the first we find

4nsinp<l+cosg
1+ cos ¢

1
isn g orn < 4_tmﬁ’
n must then be less than
it has been shown that

i tulxﬁ’ which is always the case, for

wa'
Q< 37
and, consequently,
- a 1
2—wa<4-—f,, orn<-4—-tan——*¢.
The second condition remains now to be considered. It may be
written

n > § cot ¢.
Taking n greater than § cot ¢, . .
the moment M will become zero at " Fi iq. F

some point, as H (Fig. F’), cor
responding to an angle «,, com-
prised between 0 and ¢, that is,
the curve B I F, the locus of the
centres of pressure in the consecu-
tive sections, will have two points,
B and H, in common with the
mean fibre C A B. This being so,
M will be positive between a = 0
and a = a,, whilst it will be nega-
tive Letween a = a, and & = ¢;
for the factor cos a — cos ¢ — 4
n sin ¢, which gives its sign to M,
decreases when o increases; then, /
sin-~e this factor is zero for « = a,, %/
it is positive for all smaller values

of a, and negative for all greater.

The formula giving the maximum pressure at any given section
will be:




610 ) APPENDIX,

froma=0toa=¢a, ... .q=¥-(—P+L2L.,: ,
E Mh~r
fromae=ea,toa=¢ .. "¢=:(—P_§')‘

If, on the contrary, n < 4 cot ¢, it would mean that, ev
@ = ¢, M would still be positive, and consequently that it
be 8o throughout the arc. We would only have to exami
expression
E MhA
=7 (-P+g5)

[t is easy to see in these two cases the position occupied '
curve of pressure. In fact M is only the moment of the fc
applied to the centre of pressure, referred to the centre of ela
in the same section. Then, from the known direction of P a
positive direction taken for M, we may conclude that if M
the curve of pressure lies above the mean fibre, and be
M <o0.

We can now consider the principal question. There ax
cases to be distinguished, when n > % cot ¢, and when n < +
for it has been shown that the maximum pressure in a given &
is generally differently expressed in passing from one to the
of these cases.

The maximum pressure in a given section is expressed, th
the following formulas:

In the portion C H of the piece (Fig. F'); ¢ = %’ (—P + %
Inthe portion HB . . . (:%(_p_%

Substituting for P and M their values, in terms of «, arra
the terms as respects the cos a, and placing 1 — cos® @ and
co08* ¢ for sin® « and sin * ¢, there obtains:

h h
_wpE [( -1 +}:,—)cos’a—(—l + 207-)2nain¢e1

q
° +1+§ﬂ}cos¢(4nsin¢-—oo.¢)
A\, AV
= wa["(l"'*C,T)‘”“"'*'(l +}P7)2mnn¢e¢
¢ =l—}?r—’,‘cos¢(4nsin¢-—ooc¢)

The greatest of the maxima of these two expressions my
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obtained when a varies botween the limits in which they are appli-
cable, viz., between 0 and «, for the first, and e, and ¢ for the second.

To this end (Fig. F’) it way be remarked in the first place that if
g and ¢’ are represented hy the ordinates of two curves of which
the corresponding values of the cos a are the abscissas, all the
ordinates will be positive within the above limits. Moreover, these
curves will be parabolas: the one belonging to ¢ having its con-

cavity uppermost, the other lowermost. This is easily seen, by
]

h .
recalling that »* < % whence } %" >%. On the other hand, as

h can be but s rmall fraction of p, it follows that ,-:i — 1, and still

more } ':,—h — 1 are positive quantities. =~ Hence the coefficient of

cos’ a is positive in the first equation, and negative in the second ;
therefore the two parabolas should have the above-mentioned posi-
tion.

From this position, it can be at once seen that the greatest value
of ¢ should belong to one of the limits e =0 or a = — a,. The
first will give

0= 2 {andng + 5 aing [sing — 4n(1— o p)] ],

e
or else, since p ain¢=aa.ndl———.m-

sin ¢
a= ":_‘iE[zn+*ir,'i(1-4atan§ ¢)].(1)

= tan § 4,

As to the value belonging to @ = a, or to the point H, it cannot
be considered here, for it will be found among the values of ¢’ ; the
point H belongs as much to the portion B H as the portion C H of
the mean fibre.

The parabola belonging to ¢’ turning its concavity to the axis of
z, and having its ordinates positive, it is plain that the horizontal
tangent will give the maximum, if it belongs to a value of cos a be-
tween the limits cos a, and cos ¢: the maximum must belong to
one of these limits. Let us seek the ocondition for the first hypo-
thesis. For this, let a, be the angle a belonging to the horizontal
tangent in question: this angle must satisfy the equation

aq _
doosc-c

whenoe,
-(1+4+% p;,é)oou.-i-(l +1}p—:)ﬂm-¢=0
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cos a, + n s&in ¢

This value will be true for
cos &, < cos «, and cos a;, > cos8 ¢,
that is, substituting for cos a, and cos a, their values,

h

P

T+4%5
nsing —— < 4dnsing —

A
1+ 55

A
1+4 &

noin g —— > oos 6.
14300

Uollecting in the first inequality the terms containing n, it

h
3+§’l'_,—
n sin ¢ > cos ¢,
h
1+15
and, thus written, it is an evident consequence of the secon
latter gives
1
n>gotefl 1Y 1)
1445
or

2 sin ¢
n> }ootd (”‘ i X0
28ing + 55

The first principal case is characterized by the relation a
¢; but this inequality does not necessarily involve inequal
because # cot ¢ is there multiplied by a factor greater than 1]
case must then be divided into two secondary cases.
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1st. T'he condition by wnequality (2) is satisfied. The
maximum pressure on the portion H B then belongs to & = a,. It
is found by the substitution of cos a, in the general expression for
¢'; but to avoid a complicated caloulation, -P:,— being quite a large

rumber, the value of cos a,,

will differ little from 2 n sin ¢, because there is no great error in
suppressing the term 1 in the numerator and denominator of the
fraction. Besides, when near a maximum, we can, without sensible
alteration, take the value of the function corresponding to a value
of the variable that is near the one giving the maximum. Sub-
stituting 2 » sin ¢ for cos a in the expression for ¢/, and making

p =si%ﬁ’ we will find for the value of ¢, of the maximum in
question

=22 [+ S —dester]. )

2d. T'he inequality (2) is not satisfied. Under this supposition,
the parabola belonging to ¢’ has not, in the portion considered, a °
horizontal tangent. The maximum, in this portion, belongs then
to one of the two limits a = a, ora = ¢. Cos a, is known from the
equation

008 a; = 4 n sin ¢ — 008 $.

Substituting successively this value and cos ¢ in ¢/, which here
reduces to —-P—:B—’beoanae M reduces to zero at the limits in ques-
tion, we finl two results,

¢ ==PE[6nsingoosd — (8n'-- 1) sin'¢]
= ?E [6ncosd — (8n' — 1) sin ],

,,-‘?E(znoos¢+dn¢). RN ()
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It is easy to see that ¢y, the value belonging to cos a == cos ¢, is
greater than ¢, for by subtraction

ds—gs=4n="E (3 n sin ¢ — con §).

Besides, in the present case, we have n > } cot ¢ and, consequently,
2 n sin ¢ > cos ¢, which proves the enunciation. In the second
subdivision of the first principal case, the maximum pressure on
the part H B, is at the point B, and is given by formula (4).

In whichever of the two subdivisions it is found, we must always,
to obtain the greatest maximum sought, take the maximum in the
portion C H, then in the portion H B, and choose the greater.
The preceding discussion on the first principal case may be thus
summed up : .

When n (the ratio of the thrust to the entire weight of the span)
is greater than the limit indicated by inequality (2), the maximum
pressure will be the greater of the two values given by the formulas
(1) and (3), the first of which belongs to the extrados at the top, and
the second to the intrados, at a point taken on the arc between the
springing lines A, B and the crown C.

hen n is included between the above limit and § cot ¢, we must
in the preceding rule substituts formula (4) for (3), which gives the
mazimum pressure at the joint of the opn'nﬁng lines.

Maximmum pressure when n < § cot d. this case we have only
to consider the expression

q=-l;3(—1’+—)

r )

the maximum for which is to be found for a varying from 0 to ¢.
This expression is identical with that for g already used ; if then
the corresponding parabola be considered, we must conclude that
the maximum for this expression must necessarily belong to one of
the limits of a. Besides a = 0 gives formula (1) ; a = ¢ gives for-
mula (4), for M being zero, g and ¢' become equal. lience the
greater of the two values given by these formulas must be taken.
Consequently there is no difference between the second principal case
and the second subdivision of the first case.

The only cases to be distinguished are, then, n greater and =
smaller than the limit given by foimula (2): the first requiring the
use of formulas (1) and (3), the second that of formulas (3) and (4).

In the preceding discussions, as the material is considered homo-
geneous throughout the cross-section, e is only the sum of the pro-
ducts of the superficial elements by the coefficient of longitudinal
elasticity E, or E A, sizce E does not change from one fibre ta
another ; hence
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w p d 0, to oxpress the weight on the element» & 03
w p ¢, for the vertical reaction at the point B ;
wp¢ (psin ¢ —psina) = w p’ ¢ (sin  — sin ), for the m«
of the reaction due to the weight of the portion I B of the ar
¢

-prdo(psine—p.ina), for the moment of the v
a

of the portion I B;

— Q (p cos @ — p cos ¢), for the moment of the horizontal
tion at B}

Therefore, there ob‘ains, to express M,

[
=—fu:p‘(sin0--aina)d0+wp'¢(nin¢—nina)-
* (cos a — cos ¢).

In like manner, there obtains,

P=—Qcosa—wposina + wp (¢ —a)sin a.

By reduction, M and P become respectively

M=—wp' (cosa —cos¢p + asina —¢sing) — Q p (
— co8 9);

P=-—Qcosa —wpasina

Now expressing 2, y, d 8 &c., in terms of a, there obtains

z=psina,y =p(cosa—cosp),dz=pcsada,dy
psinada,

ds=pda,a=D B =psin ¢

Substituting these values in Eq. (X'), there obtains,

_Af=w—:: (sin @ — sin ¢) (cos @ — cos ¢ + « sin a

0
gin ¢) d a

+Q—::f(ai.na—sin¢)(oosa—oos¢)da
0

¢ ¢
w p! - Q_pf .
+ c./‘asm ada -+ p sinacosa da,
0 0
From the reductions required in the algebraic operatior

the preceding propositions, all the differential monomials in
foregoing value of — A, can be readily integrated, e
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¢ .
f a gin’ « d «, (*), which becomes by integration,
0

— 4 asinacosa+ }sin’a 4 } a

Performing then the algebraical operations indicated, there ob

—Af——( zsin’¢+g¢nin¢oos¢+l—eos¢—¢sin¢
+ i’y + 1 4Y)
Qp( sin*¢ — ¢sm¢oos¢+oos¢+l)
Qp

L
+ 5 (~2ominpon gt uin' e+ ¢) + Pain's, ()
‘When the arc ¢ is small, which is usually the case within the
ordinary limits of practice, the preceding expression, by suitable
reductions, the dotails of which cannot be entered into here, re-
duces to
—Af= 1.56——1“, (1 + 0.0081 f:,) «)
(1+57)
Although the preceding expression has been constructed under
the supposition that ¢ is quite small, and the arch very flat, in

whichease¢p=a,and¢=2tan}¢=2;'f,itwill still give ap-

proximate values of no very considerable errors when ¢ = ?,
in which case f = @ = p, and the preceding expression becomes

0 p

_Af—-—(——w—,—,)( .56 + 0.0127 ) (x")

ttap
Case 2. To find the changes in the versed sine of the curve when
the weight, or load, is uniformly distributed over the chord, or span
of the curve.
In thm case, a8 the weight is uniformly distributed along the

(*) For this integration see Church’s Caloufus, art. 169, p. 234, and art.
190, p. 264
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span, calling w’ the weight on the unit of lergth of the spm
on any portion of it, denoted by I, and which acts perpendm
it, will be v’ I.

Adopting the same notation, only changing w into w’, as
preceding case, there obtains,

— 4w p* (sin ¢ — sin a)’,

for the moment of the portion of the weight d.nstnbuted ove
portion of the arc which corresponds to I B; w'p® sin ¢ (sis
sin a), for the moment of the vertical reaction at B ;

— Q p (cos @ — cos ¢), for the moment of the honzonta.l re
at the point B.

Therefore, to express M, there obtains,

M_—}w'p’(smtﬁ sin a)' + @’ p' sin ¢ (sin ¢ — &in a) -
(cos a — cos ¢) ;

in which expression that value of Q (Eq. ¢') which has been
for the horizontal thrust when the weight is uniformly distri
along the span must be here taken.

Substituting in Eq. (X'), and going through a series of
tions and reductions in all respects analogous to the prec
case, there obtains, ,

v p! I
T (1 + 0.0123 a-,-;,) )
(1+37)

From calculations made of the exact values of A f for g a1
it has been found, that the one given by the preceding expre

(y’) will be very nearly exact for E ; but that for ; the result

be noticeably too great, but still will not increase A ° more
40 per cent. of its true value.

—A F+1.56

Table of the average values of the Moduli E and G.

Average values for E, the modulus or coefficient of longitu¢
elasticity for some of the more common building materials,

Cast-dron .............. .E = 17,000,000 lbs. per square i
Wrought-iron bars and bolta. 29,000,000 ¢

‘Wrought-iron wire.....000es 25 300 000 ¢«
Steel bars.....covviienenne 31,500,000 €«
Pine timber......coc000000 1,600,000 ¢«
Oak timber........ ceesesce 1,700,000 « ¢«

g8l 22
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Average values of G, the modulus or coefficient of lateral elasticity.
Cast-iron....c.ceeveassees .G = 2,850,000 lbs. per square inch.

Wrought-iron....... 9,000,000 « « e &
Pine timber. ..e.eueeeeen... 89,000 « « &« o«
Oak timber. ... .....eeeee.s 82,000 « « o«

For fuller developments of the mb)eot of this Note, see Moseley : Mechans-
oal meapla 0] W rohitecturs. Navier: Cours de Méos
nigue Appliqube Appliqube.
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Barlow, resistance of timber to de-
trusion, 130
strain of timber, 122
strength of timber, 120
Barkipg trees, 80
Barracks of Notre Dame, 188
Bars, cast iron, effect of horizontal
impact on, 144, 145
¢ of rivers, 404
¢ of wrought iron, strength of,
148

‘ river, 502
Bartlett, effect of temperature on
stone, 114
Basins, 541
Batter, or bitir, 174
Bays in bridges, 282
**  of suspension bridge, 857
Beam, cast iron, form to resist trans-
verse strain, 141
a straining, 272
Beams, 263,
$¢  cast iron, rules to determine
strength, 143; curved, 595
deflection of wooden, 128
fishing a, 268
iron, influence of form, 188
joints of, end to end, 208
open-built, 271
problems on, 504
supported and acted on by
pressure,
Bearing, the, 265
Bear-trap gate, 554
Bed of the foundation, 190
‘“ or build, in masonry, 175
Bed-plates, experiments on, 454
Belg:i;nn system of canal locomotion,
49
Bell-metal, 98
Benches of a road, 412
Berlin castings, polish for, 102
Best pavement, 421
Beton, 46, 60
*  agglomere, 64, 187
strength of, 118
Beton- Coignet, 62
Binder, a, in masonry, 178
Birdseye marble, 10
Bituminous mastic, 74
Boat-bridge, 391
Boiler iron, strength of, 148
Bollman's truss, 337
Bonds in brickwork, 184

3

(13
(3

“
13
[
[
[
[
[

13

in masonry, 179

Bordeaux bridge, 300

Boucherie, preserving timber, 84
b seasoning timber, 81

INDEX.

Bo-laognp artificlal hydrsufie cement
e pebbles, 20
Boulogn oy es,

‘¢ for detached frames, 395
Bracket scaffolding, 185
Brard, effects of frost on stone, 14
Bran‘;ah'a table of strength of stone,
11
B 98
o of, 167
Breakage of steel rails, 464
Breakers, ice, 8138
Breaking .tri‘;; of wrought from,

o weight of iron tubes, 8354
Break-joints in masonry, 178
Breakwater, Algiers, 538
“ of Ouerboas, 636
o erbourg,
of Plymouth, 5387
Breakwaters, 536
Brecciated porphyry, 5
Briare canal, 475
Brick, 76

**  making, 77
‘“ . masonry, 183
Bridge, Alleghany River, 844

‘" at Leavenworth, 229
at Nantes, 231
at Omaha, 229
at Szegedin, 227
Britannia tubular, 330
built by Rendel, 809
Coalbrookdale, 326
definition of a, 279
East River, 229, 234, 870
frame, ribs in a, 823
Fribourg, 370
Grosvenor, 290
Harlem, 226
Kauilenberg, 847
Linville, 334
Louisville, 339
Menai, 8681& o78
Monongahela,

New London, 301
Niagara, 874
nomenclature, 314

of Bordeaux, 309

of Neuilly, 295

over the Dordogne 808
over the Lary, 309

over the Patapsco, 307
over the Savannah, 339
over the Scorff, 230
over the Theiss, 237
over the Tweed, 368



INDEX.

Brldge Poet's combination, 843
iron, 840 o

“ Scbuylhll 817
¢ Beekonk River, 201
¢ Southwark, 826
¢¢  Staines, 326
¢ 8t. Louis, 231
¢ 8t. Louis and Illinois, 844
¢ Sunderland, 326
¢ gwing, Providenoe, 885
¢ Tewksbury, 826
‘¢ YVictoria, 854, 212
¢ Waterloo, 203
Btidges, 279
American, 807
approaches of, 805
aqueduct, 391
arched,
architecture, 807
bays in, 282
boat, 301

canal, 490

cast iron, 825
celebrated wooden, 824
construction of, 294
draw, 381

"
"
(13
13
[
[
[
13
“
(1}
[
[
[
[
“
3
““
Y3
(X3
3
(3
“
LT3
“
“
“
‘"
(13
)
(13
"
(13
(13

English, 3

location of, 280
movable, 380
of N. Y. State caral, 821
piers for, 295
rolling, 880,
stone, 279 |
‘¢ of Europe, 808

style of architecture, 294
superstructure of, 803
suspension, 857
tubular, 343647
turning,
water wings of, 308
wing-wi

*  wooden, 810

¢ wrought iron, 847
Bridle pieces, 274
Britannia tubular bridge, 350
Broken-stone road covering, 428, 425
Bronze, 98
Brown, texlmai{e strength of cast iron,

effect of tempent:nre on, 831,

‘¢ Tweed bridge, 368
Brunel, experimental arch, 184

623

Brunel, Hunger;(&d bridge, 871

B\uhhng materials, 8
Built beam, 265
Bnmetmng‘, 83
Bnmmg brick, 78
Burr's truss, 818
Buttresses, 205

CABLES of suspension bridges, 360
Caisson dams, 212-217
¢ (in arches), 355
¢ pneumatio, 229

Calcareous sands, 48

s stones, 9
Calcination of limestone, 25, 86
Calculation of solid contents, 400
Caledonian canal, 491
Csna.l aqueducts, 489
aqueduct bridges, 892
Briare, 475
bridges, 400
bridges of N. Y. State, 821
Caledonian, 491
Chenango, 476
culverts, 489
Erie, 403
feeders, 474
gauging for a, 478
lock, 473
lock-gates, 487
locks, 48

locks, llft of, 479
reservoirs, 474, 476
Rideau, 492
temporary dams, 490
tide-lock, 490

¢ waste weir, 490
Canats, 407 12

**  accessory works of, 488

¢ cross-section of, 470

¢ embankments of. 409

“‘ English, 491 m

‘¢ experiments

¢ French, 402 o

¢ in U, 8., 487

“ Langnedoo. 476

‘¢ leakage of, 473

¢ Jevels of, 480

¢ location of, 469

¢ locomotion on, 483

*¢  the St. Lawrence, 493

¢ water-supply of, 471
Capitol at Albany, 239

o roo“f)2 of, at Montpelier, 400,

13
3
“
“
“
[
“
“
3
[
13
[
(X3
(X3
"
(3
“
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Excavtﬁon.l fora 411
\ineas, 167"
of awne, 114, 1156

kponmmuot Von Weber on rails, | |

“ onb-nof hot blast-iron,

139, 140
on bed-plstea, 454
on canals, 472
on cast-iron bar by im-
pact, 144, 145
on force of traction, 407
on permanent ways, 444
on strength of frames,
274
on strength of mate-
rials, 104
on suspension bridges,
867
on transverse strength
of oold-blast iron, 136
¢ on tube for bridge, 350
s on wronght-uon, 164
Extension of solids, 106

¢ rem;tmoo of oast-iron to,
181

[
[
(1}

[
“
[
[

o

(13

FACE, in masonry, 174

Facing, in masonry, 174

Fairbairn, effects of time on defleo-
tions of horizontal bars, 136

o experiments on plate
147

on cast-iron, 92
ratio of resistances of hot

and oold blast iron, 148 .
strength of steel, 164

[}

. 626 INDEX.
Elbows of rivers, 494, 497 Fairbaimn, tenacity of irom, 138
monglnonofmngbtum.m “ tabular bri 348
&nhnnkmentdennah, Fascines, 419

wall for, 240 Fat limes, 18
‘e of roads, 409, 414 Features of ri
Bmbankments, settling of, 414 Feeders, canal, 474
Emy on waves, 535 Feiling trees, 80
Encloeure, walls of, 238 Fender-beams, 811
Engines, pile, 197 Fender for bridge pi
England, pavements of, 431 Filling, in masonry, 174
« ’ piles in, Fink truss, 838
English bond in brick-work, 184 Finlay, suspension bridges, 857
“  bridges, Fire-brick, 79
¢ canals, 491 ne, 7
¢ irom bri Fish-bellied rail, 431
hlugumentotwstaway,am Fishing a beam, 268
Erie canal, 473, 493 Fisk, experiments on canals, 478
beton ngglomerem, 187 Flagging, 7, 8
s stone-bridges of, 308 Flash pointing, 260
European iron bridges, 327 Flemish bond in brick-work, 184
s wooden bridges, 324 Fl:;;ble bmds. for inclined plameg

Folding wedges, 266
Fontainebleau, aqueduct of, 187
Force, shearing, 560

e of the wind, 394

¢ of traction, 407

“ to :?6' spikes out of sleepers,

Foroes and strains, relations be
tween, 563
Forest trees, 86
Form, influence of, on cast-iron
beams, 138
Form of a lime-kiln, 29
‘¢ of a wall, 240
‘¢ of cast-iron beam to resist
transverse strain, 141
of section of retaining walls, 343
sand, for pavements, 431
Formnh. for breaking-weight of irom
tubes, 854
Foundation courses, 236
o definition of, 190

13

4 Foundations byzgoneumﬁc processes,

[

dosnsl;le air-locks foe,
in ocompressible soil,
192

in marshy soils, 198

lateral yielding of, 904
of lmdstmctmu, 190
of structures in water,

208
on piles, 196
roak, 191
sand, 193

€

“"
..
[
[

[}
[{)
(13
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Morhr adherence of, 73
bed in brickwork, 184
‘¢ how injured, 51
“  hydraulio, 46, 48
o manipnlations of, 51
¢ mill, 52
Mortars exposed to weather, 50
¢ setting and durability of, 57
¢ strength of, 115
¢ theory of, 58
Mortise joints, 270
Movable bridges, 380

NANTES, bridge at, 231
Narrow gauge for rmlrond 435
Natural features of nven, 494
‘  puzzolanasin U, 8., 43
Navigable canals, 467
Navigation, slack-water, 531
Neuilly bridge, 205
Neutral line or axis, 108
Newell stone in masonry, 176
Niagara suspension bridge, 874
Nomenclature, bridge, 814
Nolrztgn, deflection of wooden beams

OAK, 87
Object in framing, 268
Oblique arches, 285
Obstructions in rivers, 530
Offsets, 236
Omaha bridge, 229
Open-built beams, 271

*¢  gide drains, 417
Operations in tnnnelhng. 440
Oriental granite, 6
Owen, effects of frost on stone, 156

PAGE’S lime-kilns, 34
Paint, black, 101
‘¢ gray or stone color, 1ut
‘¢ lead ocolor, 101
‘¢ white (for exposed wood), 101
Paints, 100
Palladiumixing iron, 97
Pallu, church built by, 188
Parallel rail, 432
Parapet of wooden bridge, 828
Paris, concrete walls in, 185
¢ sewers, 188
Park, Central, of N. Y., roads, 425
Parker’s cement, 12
Pasley, artificial hydraulic lime, 41
¢ hydraulic cements, 50
¢ on adherence of mortarl, 78,
4
¢ strength of stone, 111

INDEX.

Patapsvo, bridge over the, 807
Pavement, best, 421
s of cubical stone, 423
“ rubble, 421
P.vements, 419, 420
uphn.lhc, 421
s in England, 421
s in France, 422
e stone for, 420
s wooden, 421
Paving-stones, 420
Pebbles, Boulogne, 20
Permanent strain in stone, 118
s way stability of, 443
i erperimenhm, 444
Perpetual hme kilna, 28, 8
Petot, on lime-kilns, 29, 80
¢ on mo 59
¢ table of limes, 19
Physical characters of hydraulic lime
stones, 23
Pieces, bridle or suspension, 274
Piers, 248
¢ abutment, 205
¢ for bridges, 205
¢ for wooden bridges, 810
‘“  of iron bridges, 825
‘‘  of suspension bridges, 863
Pig-metal, colors, 93
Pile engines, 197
Pllea, disk, 197
foundations on, 196
¢ of iron, 208
¢ pneumatic, 220
‘¢ screw, 196
‘¢ sheecting, 208
lelurs, compurative strength of, 184
iron, 134
pressure on, 134
properties of, 134
‘¢ resistance of wood, 128
¢ transverse strain on, 185
Pino, 88
Pinning up in masonry, 177
Pittsburgh, bridge at, 844
Plank-roads, 430
Plaster-of-Paris, 13
Plate-band, the, 247
Platform, a. 193
Plymouth breakwater, 587
bridge near, 309
Pneumatic caissons, 229
s piles, 220
“ prg;geaea for founiationa
Pointing, 269
Polencean, tubular ribs, 329
Polish for Berlin castings, 103
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Rennie, experiments on iron, 168
“ strength of copper, 166
‘¢ strength of tin and lead, 167
“ t.ableo of strength of stone,
11
**  tensile strength of cast iron,
181
Renwick’s process for protecting tim-
ber, 86 -
Repairs of masonry, 260
“ " of roads, 428

Repose, angle of, 407

Requisites of strength in masonry, 175
Bela&mhea on strength of materials,

Reeistance of cast iron to compres-
sion, 131

of cast iron to extension,
181 -

of copper to strain, 166

of cylindrical columns, 182

of iron to torsion, 162

of iron-wire to impact,
161

solids of equal, 555

of square wood pillars, 128

ofmtgmber to detrusion,

[
(1)
“

(13
“"
"

“”

of timber to transverse
strain, 125
of wrought iron to com-
pressive strain, 154
of wrought iron to tensile
strain, 147
Reservoirs, canal, 474, 476
Results of steel rails, 464
Retaining-walls, 239
Revétements, 245
Rhine, wing-dams on, 498
Ribs for light arches, 200
¢ in a bridge-frame, 823
¢ of iron bridges, 825
¢ tubular, 28, 829
Rideau canal, 492 .
Riebell, stmength of frames, 274
River bars, 502
‘*  improvements, 495
Rivers, 494
¢ protecting banks of, 406
Road covering, broken stone, 423, 425
‘  coverings, 4
¢ drainage, 413, 416
¢ effect o5f3 apeed6 on, 443

[

tl

Roads, 403
% " benchesof, 413

“&?b‘r to strain, 122, | Rock, 4

INDEX,

cleaning of, 429

country, 425

cross dimensions of, 139
earthwork of, 411
embankmenta of, 409, 414
excavations for, 41
French views on, 426
gravel, 425

location of common, 405
macadamized, 424

map and memoir of a, 405
mastic for, 428

materials for, 428

park, 426

plank, 480

Roman, 421

setting lines of, 410

side channels of, 417

side slope of, 4li

slips on, 412

stone for, 16

summer, 429

surface water of, 418

Telford’s plan, 424

Roadway of suspension bridges,
‘“  of wooden bridge, 828

Roadways, asphaltic, 427

Boads,
"
o
()
“
(3
(X3
“"
‘“
“
(13
‘e
13
“
“
[3
‘“
(13
6
“
(3
"
“
“

Y
Rock foundations, 191
Roebling, East River bridge, 880

¢ experiments on wire, 158

*  Monongahels bridge, 878
Rogers, analyses of magnesian lime

stones, 22
Bo}lled fmils, 433 .
Roller for compressing roads,
Rolling bridges, 380, 891
*  mills, m(i{’ of, 400
strength of, 118
¢ roads, 421

Rome (N. Y.) bridge, 844
Rondelet, on adherence of mortars, 78

‘“  on walls, 238
specificgravity and strongth

of stone, 118

Roofing slate,
Roof of 460.2pit.ol at Montpelier, 400,

“ of Uni;enitygogomoh., 401, 401
*¢ truss, depot,
¢ ¢ problems on, 558
13 898
“ “ imn, m
Roofs, 893
¢ and domes, 400
¢ snow and wind on, 894

Roman cement,
“ (3

(3
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Bteel rails, 483

o breakage of, 404

. results, 464

“ traction on, 465

“ wear of, 464
Steel, strength of, 163
Steep gradients, ra.xlroad 439
Stephenson, tubular bndgeo, 848
Stirrups, 266
Stone, 4

“ of Europe, 808

¢ for pavements, 420

¢ jetty, 539
. ‘¢ preserving surface of, 103

¢ tramways, 420
Stonea, arch,

bmken, road covering,428, 425

¢ out, 174

¢ Qurability of, 18

o expamdon of, 114, 115

‘“  paving, 4

¢ strength of 109
Stoney, tables of strengt.b of rope, 150
Stony ground foundations, 191
Stmight rail, 432

train, breaking, of wrought iron, 152
Stmin on pillars, 185
. oon unit of area, '224 -
‘¢  permanent, on stone,
o ren;?noe of timber to, 122,
1
. rems%anoe of wrought iron to,

¢¢  ghearing, 560
¢ shle:nng, resistance of iron to,

% workings of wrought iron, 152
Btrains and soruo, relations between,

56
¢ olassification of, 545
¢ cross, frames for, 264
Btraining beam, 272
Street crossmgs of railroads, 438
Btrength, eto. ?t Port.land cement,

“ oompmhve, of iron, steel,
and hemp rope, 15¢

¢ in masonry, reqnmﬁes of,

175
% of beton, 118
¢ of boiler 148
% of cast iron, 91, 181
“  of cast uonbems, rules to
determine, 148
:: oft ooncreteul’;S
of copper
“  of tnn,;:s’, 274

INDEX,

s of materials, 104
¢ of mortars, 115
i of other metals, 167
¢ of Roman cement, 118
¢ of steel, 163
¢ of stone, 109
¢ of timber, 119
¢ of wrought irom, 93 147
¢ of wrought iron, effect of
temperature on, 158
Strengthening bnck-work, 184
gmtohem.hm m%nry
triking-plates,
8t. Lawrence eann]s,
8t. Louis bndge
8t. Louis and llmom bridge, 844
Structures, component puu of, 288
¢ fonndatwns, 190
¢ in water, 208

Style of architecture for bridges, 204
S:;zymmer roads, 429
Summit level, 487 47
Sunderland bridge 826
Superstructure of a bridge, 303
gupport,fmmmgf for intermediate,273

upports o

2 od P

Surfaces of the mh 283

Surface water of a road, 418
Survey for a bridge, 280

Surveys, 406

Suspending chains of bridges, 864
Snspenslon bridge, East River, 879

“ Hungerford, 871
¢ Menai, 868
“ Monongahela, 373
Y
over the
868
Suspemion bridges, 857
abutments, 363
“ cables of, 860
s chains of, 360
¢ durability of, 867
¢ main ohnns of,
863
¢ piers of, 363
s preservation of,
866
¢ proofs of, 368
“ roadway, '864
LU vibrations of,363

Suspension pieces, 274
Sustaining-walls, 239, 415
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Triumphal arcl, 863
Trunk of a tree, 80
l'mm arched, 3837

o Boldlman 8, 383&1 595

bridges, vertical shearing,

o Bnng 's, 818

N o

.

‘“  Howe's, 317

¢ lattice, 316

¢ Linville, 834

¢ Long’s, 815

¢ McCallum’s, 820

¢ Post’s, 339

‘¢ Pratt's, 320

¢ Town’s, 816

‘¢  weights borne by, 275

¢ Whipple’s trapezoidal, 883
Trusses for wooden bridges, 815

¢ iron roof, 306
“  roof, 393’

Tube, model, for bridge, 849
Tnbeg iron, brealnpg weight 8! 854

Turnbull, bridge built by, 808
Turning-bridges, 380, 884
Turn-plates, 438

Tweed, suspension bridge over, 868

ULSTER Co. hydraulic limestone, 21
Under-pinning in maso
Umted Stabea canals, 487’
lime-burning in, 31
o rail used in, 432
Unit of area, strain on, 554
Ul;ng;mty of Mwhigan roof of, 401,

hmgrrms of iron, 90, 92

“  peinta 101
paints,
" pine, 88
¢ steel, 98
Varnish, copal, 101
¢ for zincked iron, 103
‘¢ Japan, 101
Varnishes, 100
Velonity on a railroad, 438
Verd antique, 11

INDEX,

Vertical supports, 239
Vesniel, Gothic church, 187
Viaduct, 279
¢ the Carrollton, 808
. % the Thoma.s, 807
Vibrations of suspension bridges, 36§
Vlcat, artificial hydranlic lime, 41
oement limestones, 18
¢  effect of temperature onm-
bridges, 331
¢  fuel for lime-buruning, 27
¢  hydraulic magnesian lime-
stones, 21
“ mgnesian limestone of Franoce,

“  on dolomites, 11
¢ on elongation of wrought iron,
155

¢ on hydraulic mortar, 49

¢ strength of mortar, 50

¢¢  strength of mortars, 116

¢ strength of stone, 113
Victoria bridge, 212, 354
Volumes of the arch, 283
Von Weber, experiments on rails,

42

Von Weber on stability of permanent
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Von Weber’ s experiments on railway
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166
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Walker, table of wear of store, 16
Wall for an embankment, 240
Walls concrete, 185
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¢ quay, 542

¢ retaining or sustaining, 239

¢ sea, 518

¢ sustaining, 416
Waste-weir, 479

¢ of a canal, 490
Water diag;euea linear expansion,

‘¢ effect on stone. 16
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¢ precautions against, 192
Waterloo bridge, 292
Water, structures in, 208
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Water-way, 467
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