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PREFACE

Up to the present time, there has been but one book on the
subject of “ Chimneys” printed in the United States, that of
Armstrong’s, revised by F. E. Idell, and published in the * Van

’

Nostrand Science Series.” Tt is a treatment of chimney-draft
only. Other than this, the only book of any pretension is that
of Bancroft’s, an English book, published in 1885, and no
longer obtainable. Thus it may be seen that there is no book
whieh contains the latest practice in regard to the theory and
designing of chimneys as built in the United States.

The Transactions of the engineering societies and volumes
of technical periodicals do not give very much that is of value
excepting, however, the “Engineering News” and “ En-
gineering Record,” to whom, with Mr. Henry €. Meyer, Jr.,
1 am espeeially grateful for courtesies extended.

Whenever any extracts are made use of they are credited
as far as possible to their source, and my thanks are tendered
for the use of same, and to Mr. F. E. Idell for many valnable
suggestions and criticisms.

The absence of data on this important subject has indnced
me to prepare this treatise, and if it meets with the same
success that attended my pamphlet, “ Chimney Formule
and Tables,” 1897, and will prove to be a source of information
and assistance to designers, my object will be attained.

Winiam WALnAcE CHRISTIE

Patersow, N. J., May, 1899.




PREFACE TO THE SECOND EDITION

For a second edition the book has been revised throughout, CHAPTER I.

some twenty-five pages of text and twelve full-page illustra- INTRODUCTION AND HISTORY,
tions being added.

Radial brick chimneys, which were just being introduces Ty T
in the United States as the first edition went to press, are now

: THEORY OF CHIMNEY DRAFT,

treated of briefly.

T have tried in a limited space to round out the work, thus

3 ¢\ o . CHAPTER IIL

meeting some of the criticisins made by the reviewers of the

o I : . - CHIMNEY FORMULZ, .
original publication, and I will be erateful for any sugges- s ’
tions that may be sent melooking to the further improvement

of the work. CHAPTER 1V.

Mechanieal draft is not enlarged upon, it being a subject CHIMNEY TABLES, WIND-PRESSURE, AIR-SPACE IN GRATES,
by itself.
I desire to thank those who by their interest in the first
edition have made this revision now possible.
Wirtiam WALLACE CHRISTIE,

CHAPTER V.
FOUNDATION MATERIALS. BRICK CHIMNEY MATERTALS,
March, 1902,
CHAPTER VI
STEEL CHMNEYS—THEORY PERTAINING TO SAME, AND EXAM-
PLES FROM EXISTING STRUCTURES, L
CHAPTER VIL
BRICK CHIMNEYS—THRORY PRERTAINING TO SAME, AND ExXAM-

PLES FROM EXISTING STRUCTURES,
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CHAPTER I

INTRODUCTION AND HISTORY

INTRODUCTORY.

TaE most prominent feature to the world at large, of every
steam or power plant, and that by which the manufacturing
character of a village or city is most easily distinguished, is
the chimney.

It is an engineering work which is often given but little
thought, so far as the proper size and proportions for the best
results are concerned, by those for whom it is to be built.

Nothing in a steam plant is so conducive fo great waste of
fuel as a badly designed chimuney; and it may be made the
means of assisting or increasing a high efficieney in the plant,
if properly proportioned for the quantity of gases which is to
be passed through it.

Chimneys are built of brick, or steel, or stone; steel chim-
neys being sometimes stayed or guyed with iron rods or wire
rope, and sometimes built self-sustaining ; in all cases chimneys
are set on heavy masonry foundations.

In the following pages the adjuncts and various types of
chimneys will be treated separately.

HisToricAr. NoTES.

According to Tomlinson, chimneys were probably in use in
England before those of Padua, of which the earliest record is
the year 1368, when Carrara, Lord of Padua, introduced them
in Rome.
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INTRODUCTION AND HISTORY
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TaE most prominent feature to the world at large, of every
steam or power plant, and that by which the manufacturing
character of a village or city is most easily distinguished, is
the chimney.

It is an engineering work which is often given but little
thought, so far as the proper size and proportions for the best
results are concerned, by those for whom it is to be built.

Nothing in a steam plant is so conducive fo great waste of
fuel as a badly designed chimuney; and it may be made the
means of assisting or increasing a high efficieney in the plant,
if properly proportioned for the quantity of gases which is to
be passed through it.

Chimneys are built of brick, or steel, or stone; steel chim-
neys being sometimes stayed or guyed with iron rods or wire
rope, and sometimes built self-sustaining ; in all cases chimneys
are set on heavy masonry foundations.

In the following pages the adjuncts and various types of
chimneys will be treated separately.

HisToricAr. NoTES.

According to Tomlinson, chimneys were probably in use in
England before those of Padua, of which the earliest record is
the year 1368, when Carrara, Lord of Padua, introduced them
in Rome.
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The use of the curfew-bell in preceding centuries indicates
their absence, as the ringing of the bell was the signal to
cover the fires (couvre-few), which were made in pits, for the
nicht.

In Veniee, chimneys were common in the fourteenth cen-
tury, a number being overthrown by the earthquake of Janu-
ary 25, 1347.

Of the nations of antiguity little in this direction is known.

No traces of chimneys have been found in the ruins of
Pompeii or Herculaneum.

Charcoal has been found, it being used, no doubt, in the
portable furnaces discovered in the rooms.

Roman houses were frequently heated by means of hot air,
which was brought in pipes from a furnace below.

In the dwellings of the Greeks there were no chimneys, the
smoke escaping through a hole in the roof.

The Persians still retain their ancient custom of making
fires in a hole in their earthen floors, in an iron vessel, and thus
heat their apartments, which plan is said to give very satis-
factory results. A low table is placed over the heater, with a
thick quilted eloth reaching to the floor, and no provision is
made for the escape of the products of combustion.

There is no evidence of chimney-shafts in England earlier
than the twelfth century.

Leland, speaking of Bolton Castle, says,“ . . . was
fyniched or Kynge Richard the 2dyed . . . onethynge T
much notyed in the hawle of Bolton, how chimneys were con-
veyed by tunnells made in the syds of the walls betwixt the
lights in the hawle, and by this means, and by no covers, is
the smoke of the harthe in the hawle wonder strangely con-
veyed.”

For centuries afterward chimneys remained luxuries for
the houses of the great.

At the beginning of the sixteenth century, chimneys were
almost unknown ; the fire was kindled against a hob of clay
called the rere dosse, in the back or centre of the room, which
was filled with smoke; from the wood (which was the only fuel
used), that found its way out by an opening or lantern in the
roof.

INTRODUCTION AND HISTORY.

The houses built at Amboy, N. J., in 1683 are described
usually thirty feet long, sixteen feet wide, ten feet between
joints, with double chimneys of timber and clay, “as the man-
ner of this country is to build,” and cost about fifty pounds
each ($250).

The chimney in its present sense of a funnel from the
hearth or fireplace to the roof of the house, is a modern
invention.

In 1785, Mxr. Watt procured a patent for obviating the
smoke of steam-engines by placing the coal in an upright
conical tube or hopper fixed in the brickwork of the boiler,
immediately behind the furnace door, and causing a stream of
air to rush through the furnace door for maintaining com-
bustion.

In Mr. John Bourne’s “Treatise on the Steam-engine,” p.
51, he shows a boiler and furnace designed by John Smith, of
Kingston near Dublin, which has a vertical chimney, designed
probably sbout 1825.

Rev. D. Lardaer, “The Steam-engine,” p. 128, speaks of
the gases passing about the boiler and in immediate contact
with it, and finally issuing into the chimney; but he says
nothing about the design of the chimney.

In the same book, in an illustration of Savery’s steam-en-
gine, 1702, a brick chimney is shown. This is also the first
illustration in Dr. R. H. Thurston's “ Growth of the Steam-
engine,” of a chimney -shaft in connection with a steam-
boiler.

’

The following is abstracted from Bishop’s “History of
American Manufaetures”™

Gawen Lawrie, settler of East New Jersey in 1684, says
“ the country farm-houses they build very cheap, . . . the
chimneys are stone.” Bricks were used by some.—Volume L,
page 226.

“Stone and bricks, of which last ten thousand were sent
from London to Massachusetts in 1629, were first used in the
construction of the fireplaces, which were usually of the most
ample dimensions.” <Velume TI., page 219;

“In 1789 the first steam-engine for cotton spinning was




From

**The Steam Engine,

ILLUS. No. 1.

SAVERY'S STEAM ExcINE AND BorLegr, 1702.

by Rev, Dionysins Lardner, LL.D,, F.R.S,
4
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erected at Manchester, England.” It must have been used
with a boiler and chimney.—Volume IL., page 19.

Rooseveldt, in connection with James Sullivan, took out
a U. S. Patent, May 31, 1798, for a double steam-engine, and
soon after constructed probably the first effective steam-en-
eine, after those of Fitch, ever built in America.”—Volume IL.,
page 80.

“He completed one in 1800, with a wooden boiler, through
which long cylindrical flues, or heaters, wound several times
before entering the chimney.” It was for the use of the Phila-
delphia, Pa., Water-works.

A great many chimneys having but one thickness of brick,
and the exterior bonded together with hoop-iron bands, were
erected at the Potteries during the years 1847-1867 by Mr.
Scrivenor, of Hawley, England.




CHAPTER II
THEORY OF CHIMNEY-DRAFT

FURNACE or chimney-draft is produced by one of the follow-
ing methods:

I. By a natural draft due to the unbalanced pressure of a
column of heated gases against a heavier column of outside
air.

IL. By the use of a steam-jet in the chimney,inducing draft,
using either live or exhaust steam from the engine.

IIT. By a forced draft from a steam blower in the furnace
of & boiler setting or a fan feeding through pipes to the fur-
nace.

IV. By induced draft from blowers placed between boiler
setting and chimney flue, blowers being usually placed at the
base of the chimney.

What follows is abstracted from a paper by Professor De-
Volson Woed, in the Transactions of the American Society of
Mechanical Engineers, Vol. XT.

Peclet’s and Rankine’s hypotheses are :

1. A certain amounnt of air must pass through the grate and
the body of the coal on the grate to secure combustion.

2. Since the openings for the admission of air are fixed
mechanically the requisite amount of air must be supplied at
a definite velocity.

3. The required velocity may be produced by the pressure
of a column of atmospheric air, which pressure will be the
difference of the pressure of the external air and that within
the furnace. The height of such a ¢olumn is called a *head.”

4. That, to the head deseribed in the preceding condition,
a head must be added sufficient to overcome the resistance
offered by the coal to the passage of the air through it; and

6
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another head for the resistance offered by the flues and chim-
ney to the passage of the gases produced by combustion.

The law representing these conditions is given in the form
of an equation by Peclet thus:

(1) /1:—'5(1 + G+ —ﬂ)»
29 mn
in which

u is the required velocity of gases in the chimney,

@, a constant to represent the resistance to the passage of
air through the coal,

Z, the length of the flues and chimney,

m, the mean hydraulic depth or the area of a cross-section
divided by the perimeter,

f, a constant depending upon the nature of the surfaces
over which the gases pass, whether smooth, or sooty
and rough.

If now
A, be the section of the chimney in square feet,
H, the height of the chimney in feet,

7, = 461° Fahr., absolute (temperature of melting ice),

7, the temperature of the gases in the chimney, absolute,

V., the volume of air at the temperature 32° Fahr., sup-
plied per pound of fuel burned on the grate,

w, the pounds of fuel burned per second,

n, the ratio of grate area to that of the chimney area,

S, the area of the grate ;

then (2). .V, : — ud — nus.

The pounds of coal or fuel burned per square foot of grate

per hour will be

oN dend . agin 1% T
(8) 36005 = 3600 Vi

Peclet found that when 20 to 24 pounds of eoalis burned
per hour, the value of & is about 12, and 7, for sooty snrfaces,
equals 0.012.

Professor Wood has assumed 12 for &, except yvhen 16
pounds is burned, when 11 is used. 2

Neglecting the length of the flue, lét 7=0:0155 H$Hen for
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square or round chimneys, in which 5 is the breadth or diam-
eter, we have . ) . 7
@& = l) (u ) (r_) (13 o 0.06056 1 )
r4l) A, T, A

Rankine’s determination of the height was for the purpose
of deducing the head 4.  Hishypotheses are:

1. The gases in the ehimney are uniformly hot ;

2. The gases move in parallel sections through the chimney ;

3. The density of the gases inthe chimney is uniform, and
does not differ sensibly from that of air at the same tempera-
ture and pressure ; in other words, it is assumed that the den-
sity varies with the temperature only, the variation of pressure
being neglected in determining the density.

4. “*'The head producing the draft in the chimney is equiva-
lent to the excess of the weight of a vertical column of cool
air outside the chimney, and of the same height;above that
of a vertical eolumn of equal base of the hot gases within the
chimney.”

5. That the draft is amaximum when the weight of gases
discharged is the greatest.

The fourth hypothesis is improperly defined, since the
head is. defined as a weight, whereas it is a height in feet.
Professor Wood defines it _as such a height of hot gases as, if
added to the column of gases in the chimney, would produce
the same pressure at the furnace asa column of outside air,
of the same area of base, and a height equal to that of the
chimney.

1f 24 pounds of air be supplied per pound of fuel the vol-
ame.of the gaseous product will be 24 x 121 = 300 cubic feet
(nearly), and one cubie foot will weigh siy = 0.0033/0f a pound
at 32° Fahy., which, added to the weight of a cubie foot of air
at 32° Fahr., gives 0.0807 + 0.0033 = 0.084 of a pound; and if
r, be the temperature of the external air, we have at once from
the fourth principle as amended,

3'(0.0807)
T,

= % 1[—11:(0.96}—1)151;

1“(0.034)
T

THEORY OF CHIMNEY-DEAFT

which is the formula given by Rankine. From this we find

13 (2 ()

R e U.q,u;/)( 2l Tv):
7, 2g.4 ‘ndT,

6) H=

This gives the height of chimney for burning w pounds of
coal per second.

If 3 be the weight of a cubic foot of the gases in the chim-
ney, and
_ &, the number of pounds of air required per pound of coal
(:11.mut 24 pounds), then will the weight of gases passed up the
chimney be

s T o
2V, 8= Q0T AGp mearlv e
sV, = 8 = 0.0807Nu Up‘lll‘y :

5 0.0807N7,.
r T
Vo,
The weight per second will also be & times the volume, or
£
Aud; hence

/ T
/096 - —1
T’

0.060H :
)

0.0807N7,A 4 Li,/li\

(8 A uUS =

1v"rx(]. + G+

ﬂObservlng. that N = ¥V, will be eonstant, this expression
will be a maximum for a given chimney when the function

/, -
\/ 0.96- —1

T(l TG+ Q.qu{l_)
\ A
is a maximum. 1If & be a variable, the maximum cannot be
found unless it be a known function of the temperature. = Lit-
tle, lu?\\'(_-vvr, is known of its value in special cases, and the law
of variation cannot be assigned. If it be considered constant
) sy - . . 2 N 3
as in 'th'../ assumptions of Peclet and Rankine, the funection for
a maximum reduces to

©)

0.967 — 7, 5o B

-
3

which 1s the function considered by Rankine, and gives
J (=]




10 CHIMNEY DESIGN AND THEORY

r =21 ., a maximum ; and if the temperature of the external
air be 60°, then will the temperature of the gases be 622°.
From the foregoing rules Professor Wood has caleunlated
the following tabler
TABLE No.“1.
SHOWING. THE HEIGHTS OF CHIMNEY AND CORRESPONDING HEADS FOR

BURNING GIVEN AMOUNTS OF COAL.

24 1bs, coal per eq. ft. 20 Ibs. coal.per sq. ft. 16 1bs. coal per sq. ft.

Erate area. Srate area Rgrale area,
Lk
Head, & Height, & Head, i | Height, | Head, &2 | Height, H

Absolate, ft, ft. fL | e, ft. ft.

520° 600 | 128.001 | 120757 | 5276 | 497,737 14.02 | 13233
Absolute 700 7295 250 .87 2.70 157.61 1 19.65 67.76

or S00 2.76 72.42 55.08 115.80 26.71 5.66
59° Fahr. 1000 H .22 | 149.08 $3.97 99 .97 40.89 8.68
1100 b 14876 87 098.91 49.61 48.17
1200 3% 151,97 | 121.03 | 100,86 | &8.87 49 06
1400 252 .4 159.86 92 105.65 80 .89 51.20
1600 334 .38 168 .83 68 110.95 | 105.96 H3.62
2000 | 555.83 | 206.52 61 132.20 | 169 .47 33. 007

Tt will be seen that the reguired heads equal the height of
the chimney when the temperature in the.ehimney-flue isabout
620° Fahr,, the external air being assumed to be 60° Fahr.

The many different conditions found in the United States,
and the complexity of the above equations, prevent their use
to any great extent.

Those who wish to investizate more thoroughly the theory
of chimney-draft will find material in the Trans. A. S. M E.,
Vol=-XI:

D. K. Clark deduces the following formula for force of draft
in inches of water:
7.66)
(10) = 1[(.0148 3 '7~)

w = force of draft in inches of water.
H — heicht of chimney in feet.
7"'= absolute temperature, Fahr., of hot gases in chimney.
Tf H = 135 feet, and 7" = 550° + 461° = 1011° then,
i 7.66

(11) w=135 (.0146 = ) = 0.945 inch.

THEORY OF CHIMNEY-DRAFT 11

Force of Intensity of Draft—In this particular case 0.88
inch draft has been observed. The force of the draft is equal
to the difference between the weight of the column of hot
eases inside of the chimney and the weight of a column of the
external air of the same height. It is measured by a draft-
cauge, usually a U-tube partly filled with water, one leg con-
nected by a pipe to the interior of the flue, and the other open
to the external air.

If D is the density of air outside, d the density of the hot
oas inside, in pounds per cubic foot, H the height of the chim-
ney in feet, and .192 the factor for converting pressure in
pounds per square foot into inches of water column, then the
formula for the force of draft expressed in inches of water is

(12) F = 192H (D — d).

The density varies with the absolute temperature (see Ran-
kine),

(13) d -ﬂ:— 0.085 ; see foot-note.

’
T
1

(14) D = 0.0807 :a :

where 7, is the absolute temperature at 32° Fahr., = 493°, =, the
absolute temperature of the chimney gases, and 7, that of the
external air.

F. R. Loyw, in Power, February, 1900, says: The weight per
cubie foot of chimney gas will vary with its composition.

Carbon dioxide is heavier than air, nitrogen and aqueons
vapor is-lighter; so it is easily seen that the density of the
gases will depend upon the proportion of carbon and hydro-
gen which is being burned and with the excess of air used.
For ordinary fuel and 19 pounds of air to one of combustible
(20 pounds of gas) the gas will weigh .085* pounds per cubic
foot at 32° Fahr.

Substituting 13 and 14 in-equation 12 the formula forforce
of draft becomes

(15) F = .192H

(39_79 i 41.41)
7'7 r

7.64  7.95
- ]1(',72_ L ’),

or knowing the forece of draft in inches of water it becomes,
for obtaining the height of a chimney,

* Rankine, ** Steam Engine,"” gives this decimal as varying from 0.084 to 0.057.
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7
7.64 — 7.6
To find the maximum intensity of draft for any given chim-
ney, the heated column being at-600° Fahr., and the external
air.at 60° Fahr., multiply the height above grate in feet by
.0073, and the product is the draft in inches of water.
TABLE No. 14 ‘ TABLE No. 1b.

DENSITY OR WEIGHT
PER CUBIC FOOT OF
ATR, BY FORMUTLA 14.

(15A) H=

DENSITY OR WEIGHT PER CUBIC FOOT OF CHIMNEY
GAS, BY FORMULA 13.

D [ d d 4 d

086355 2 0633 ;, g (46952 660 037302
.nx ,4"4 2 LD6238¢ 046429 670 036972
{ 0614 .045919 680 036647
00605578 ¥ 045419 690 036328

-082 ) | 059711 47 .044930 700 036015
081895 25 058869 S 044451 710 035707
081058 26 058051 L043985 T2 035404
.mm;’s HA 27 057255 500 043525 730 .035106
280 1.056480 4 043076 740 L084814

: 055726 D 042636 750 034526
.(),\mn 3 054992 iy 042205 760 .034242
077874 3 L054277 041782 770 033964
0777 32 .0563580 | 041368 780 .033690
076374 3 052901 .mu 040962 790 .033420
075645 240 05 57 040564 200 033155
074930 35 L051594 580 040174 900 030715
074229 36 _0)0%4 590 039791 1000 L028610
073541 37 .050349 600 |.039415] 1100 026775
072865 .38 049750 610 390 1200 025161
072201 3¢ 049163 620 |.038685] 1300 .023731
0715560 4 048591 630 | .038330 1400 (022455
070910 .048032 640 | .037981 1500 021308
047486 650 |.037639] 1800 018479

2000 016976

_F. R. Low, Power, 1900.

The readings of all draft-gauges will vary somewhat from
the ficures in Table No. 2, as the same condition of variation
in tompor ture from bottom to top exists to a greater or less
extent in all chimneys.

For any other height of chimney than 100 feet, the height
of water-column is found by simple proportion, the height of
the water columm being directly proportional to the height of

the chimney.
The ealculations have been made for a chimney 100 feet
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high, with various temperatures outside and inside of the flue,
and on the supposition that the temperature of the chimney is
uniform from top to bottom.

TABLE No. 2.

HEIGHT OF WATER-COLUMN DUE TO UNBALANCED PRESSURE IN CHIMNEY
100 FEET HIGH.

- Temperature of external air.—Barometer 14.5.
'‘emperature |
in the

chimney. 30° 40° | 2o e

This is the basis on which all caleulations respecfing
draft-power of chimmeys have been made by Rankine and
others, but it is very far from the truth in most ecases:

The difference will be shown by comparing the reading of
the draft-cange with the table given. In one case a chimney

122 feet hich showed a flue temperature at the base of 320°
Fahr, and at the top 230° Fahr., while the table considers the
temperature uniform.

Box gives this table : internal air at 552° Fahr., external air
at 62° Fahr.; damper nearly closed.
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Widening the Top of Chimney Flue—The effect of widen-

LS Rl o ing the chimney flue at the top or mouth is, according to
DRAFT-POWERS OF CHIMNEYS. Dubois-Weisbach, as follows: strictly speaking, according
> = to the principles of hydraulies (Vol. L, § 425), in the formula

‘ "Pheoretical velocity—feet per seco
Height of chimney— | Draft in inches of oAl velociiy—Teslpec s oY lf., = ,)}/’/ . 5
fect. ‘ water. — Q) wum\, 304 & 0.05% ™° should insert for & not the mean
Cold air entering. Hot air at exit, D=3 V0l
B eross-section, but that at the mouth, hence, other things being
35.6 equal, a chimney which eradually widens toward the mouth or

e

""3' :; top can discharge more gas and smoke than one which dimin-
4 ishes.
0
&
4.6 d = diameter, in feet.
j h = heizht in feet.
3.0 { — temperature of outer air.
: :: ¢, = temperature of escaping gases in the flue.
3.6 From Weisbach, we find that @ is a maximum when

_0.76Q
Vi

in feet. If outer temperature is 32° Fahr. then gases are
VOLUME, DENSITY, AND PRESSURE OF AIR AT VARIOUS TEMPERATURES, EERS
555% Fahr.

%o =

() = cubic feet of gas per second.

Sl e T O

T i i IS S L0

OB K-

1.460
\ i L) ¢, — & =213° Cent,, and we have v = 1.324/h in feet; S
TABLE No. 4.

<

' Except in cases where the gases have a very high velocity,
L [ Deniby tbs. por cobie as in the locomotive chimmey, the writer fails to find any ad-

Volume at atzcos. pres - Pressure at constapt volume,
) foot nt atmos, —
Comparative reSSUre, - Jomips i
; ‘] SR ¥ Lbs. per sq. in. Comparaiggs
yvolarmg pressure,

Fahr. P = X Z N .
vantace in widening the mouth of chimneys; in locomotive

{Cabic . in 1 1b
practice it has been proven, however, that the taper stack with

881 .08633 T 96 881 diverging sides is the most efficient type.

943 - 0807 1386 943 [lustration No. 35 is of a chimney whose flue widens tow-
:;:; . 14 36 l:;; ard the top or mouth. i

000 .50 000 Pyrometers—The high temperatures and peculiar currents
::1‘4' ::lﬂ—; of oases in the chimney make it very difficult to ascertain defi-
2054 054 nitely. what the temperature is.. The clock-face pyrometers
:::7.) :Lﬁ:;‘l’,f :,?,i made for general use, and whose indications depend on.the
111 068500 111 unequal expansions of metals in their stem;are not considered
:45: :u’:::‘:; {4’8 very reliable, particularly as the zero point is subject to change
168 -065155 168 during the handling of the instrament.

ll»ﬁ,:-, :;';:::: 1,3‘7 The most satisfactory type of pyrometer is that in which a
296 2062090 226 thermo-electric couple is made use of, but' this type has not
':‘;1 ::'-,'::‘)]I” =0 come into ceneral use ; the metal pyrometers jn.st deseribed
287 059135 987 being considered sufficiently accurate for commercial purposes.

D d
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CHAPTER IIT
CHIMNEY FORMULZE

ProFessor H. B. GALE gives this handy ruls, that the sec-
tional area of the chimney in square feet should be equal to the
number of pounds of fuel to be burned per minute. This
would make the veloeity of chimney gases betwcen 7 and 11
feet per second.*

Mr. Gale also suggests the following rules:

(17) Flue area in square feet = 4 — 07 F'?
= rvae
(18) Height of chimney in feet = 7 = 100 ]/‘ (’;)

where a may be considered } of grate area in square feet.
& may be approximately taken as 0.2.
#'= pounds of fuel burned per hour.

G = grate area in square feet — 3a.

¢ = temperature of chimney gases.

19) H— 180 (]7)'3;

t \@
@ Hi

20). F= /25

(20) 10V A

el

H’

which enables us to calculate the openings in the grate for the

admission of air.

Professor Gale has calculated Table No. 5, the temperature
of gases in a chimney being taken as 500° Fahr.  The heights
obtained by ecaleulation are said to agree fairly well with
American practice.

21)  a= 10]'1\,/

* Only for chimneys of small dimensions.
16

CHIMNEY FORMULZE

TABLE No. 5.

GALE'S CHIMNEY TABLE.

Ares grate, o %
Coal per sq. ft. A

Coal per hour, grate, 2 a.

F. . (=04 G.)

Ibe, g - sq. ft,
100 § 7. :
300
500

1000

2000

3000

5000

Canmney RuLes.
Adams gives:

Chimney for one boiler: area =1 of fire-grate.

Chimney under 150 feet high for more than one boiler:
area — +; fire-grate area.

Chimney over 150 feet high for more than one boiler:
area = 4l fire-grate area.

Rankine gives, “Rules.and Tables,” p. 29:

Area of grate = .10 to .04 square feet per pound of fuel
burned per hour.

Area of grate in furnaces with forced draft by blast-pipe
from .04 to .01 square foot per pound of fuel burned per
hour.

Area of chimney = .10 area of grate.

K. Clark, “Thurston’s Manual of Steam - engineering,”
Yol. 11, p. 201 :

Sectional area of tubes, inside = 1 grate surface.

Sectional area of chimney = % grate surface.

3 is

Seetional area blast orifices = ¢; grate surface.

Height of chimney in feet = its diameter in inches multi-
plied by 4.

Q
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Mransactions of the “ American )
Society of Mechanical Engi- |
neers,” Yol« X'V, p. 607, gives:

'8, AW

= 3 —= 1.076.
12 v 17

1.076 is constant for a horizon-

tal flue 50 feet long.

A

Nystrom gives:
{— HP
T 145V H
(1
= 24/ FH+2 square feet of grate sur-
face.
S = square yards of heating
Jones and Laughlin give : ‘ AT 3

A C . 1.04//P | ¢ = pounds coal per hour.
“T10vH v i | H=heicht of chimney in
‘ feet.

W A = area of chimney-flue in
HP =48*x6 square feet.

g PR o (ZPy HP=horse-power of boilers.

BT 6 = 8

Another formula 1s

Molesworth gives:

. HPS - o
C128VH 0 12VH
Adams, p- 155, “Hand-book for
Mechanical Engineers,”

gives :
("v (Y )-.’
A i

C =144 y .

)

William . Kent  cives the following, assnming a commercial
horse-power to demand the ¢onsumption of 5 pounds
of coal per hour:

Let A — actual section of chimney-flue in square feet.
Let AP = boiler horse-power.

CHIMNEY FORMULZXE 19

g 03UP_

= A — 0.6,/ 4 = effective section in square
Vil feet.

(23) HP =333FEVvH = horse-power.
(24) d =1354V E + 4" = diameterof round flue in inches

25) S =12¢E + 4 — side of square flue in inches

(26) 77 - (”.:;/{'/'/ ) height of chimney in feet.

After numerous examples and diseussion, D. K. Clark, in
Vol. L. of “The Steam-engine,” constructs the following for-
mule :

Working maximum consumption of coal per hour, for a
chimney of a given height: diameter at the top, one-thirtieth
of the height; temperature in the flue, 600° Fahr.

(27) C=.0141° v M.

(! = coal eonsumed per hour in pounds.
H = height of chimney in feet.
(7 = area of grate in square feet.

Taking as an average rate of combustion 15 pounds of coal
per square foot of grate per hour, we have: Total grate area
for a.chimney of a given height ; conditions as above :
| P! 25

071 or: H = 1()..%‘ ik

(28) &
Another formula has been quite widely published, which
applies to about the same conditions as were assumed by Mr.
Kent, and agreeing well with Isherwood’s experiments on
anthracite coal is given by Dr. R. H. Thurston. Subtract one
from twice the square root of the height, and the result'is the
rate of combustion for anthracite. For low-grade soft coals
the resnlt is to be multiplied by 1.5—for general use we may
use the mean of the figures for best anthracite and low-grade
bituminous coal, or a multiplier of 1.25. Mr. Nagle * examined
a good many chimneys, varying from 300 to 1,000 horse-power,
to see if there existed any common ratio between these two ele-
ments. Where a smaller ratio than 13 square-inches of area to
1 pound of coal burned per hour existed, much dissatisfaction
existed as to the draft of the chimney ; when it reached 2 square
inches very satisfactory results were obtained.
e

* Transactions of the American Society of Mechanical Engineers.




CHAPTER IV

CHIMNEY TABLES, WIND-PRESSURE, AIR-SPACE
GRATES

RATE OF COMBUSTION

THE results of 45 tests of boilers with anthracite and Welsh
steam coal give only 5 instances where the rate of eombustion
was greater than 13 pounds of coal per square foot of grate
per hour, and all of the tests showed the rate of evaporation
from and at 212° Fahr. per pound of combustible to be 811
pounds to 14.23 pounds.

The same quantity of coal as used i the above tests, burned

a smaller grate, evaporated more water per pound.

Averages of 15 tests by Isherwood give the following data:

Qoal per sq. ft. of Evaporation from and at
. 2i2° F. per Ib. coal.
Aunthraeite coal ..o, 2.7 8.90

Semi-bituminous codl . ... 10.95 10.14
Bituminons coal .. ... 12.43 9.31

Another case—Average of 15 boilers tested gives 13.87
pounds of coal to square foot of grate per hour, while only 7
tests exceed 13 pounds (capacity trials).

For economy trials we have the average of 15 tests, giving
9.77 pounds of coal per square foot of grate per hour; none
being over 13 pounds.—Clark, Volume L

Thurston—"“Steam Engine and Boiler Trials,” p. 17, says
the “efficiency of fuel falls off at 50 to 60 pounds of fuel burned
per square foet of grate  (per hour).

In the plotted tests of the writer;, PLATE I, all regu-
larity ceases after 37 pounds of ecoal burned per square foot of
grate is reached.
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The following averages are from over 100 tests collated by
the writer:

Pounds of coal per horse-power developed per hour.. . . 3.64
Pounds of combustible per horse-power developed per hour 3. (4
Pounds of coal burned per square foot of grate per hour. . 18.16

Professor Rankine says: “The rate of combustion in fac-
tory boilers is 12 to 16 pounds of coal to the square foot of
grate.”

Dr. Thurston says, in “Steam Engine and Boiler Trials”:
“In land boilers it is customary to keep the rate of combus.-
tion per square foot of grate down to about 8 pounds per
hour. although it frequently rises to 10 or 12 pounds.”

The preceding diagram shows that 13 pounds of coal
burned per square foot of grate per hour of either anthracite
or bituminous coal gives the greatest economy in evaporation.

The greatest amount of anthracite coal found to have been
barned per square foot of grate per hour was 33.70 pounds:
the least, 4.70 pounds.

The greatest amount of bituminous coal found to have
been burned per square foot of grate per hour was 57 pounds ;
the least, 6.70 pounds.

Land stationary boilers are the only ones considered in
these statements.

A noticeable feature of the plotted data is that the most
economical boiler performances are ol tained when a mixtare
of one part soft coal to two parts anthracite dust is burned at
quite a high rate of combustion, forced draught being used.

The writer’s object in giving “combustible” per square foot
of grate 1s that the ratine by combustible is the best way of

comparing the tests of a number of boilers under which differ-
ent coals are burned, and is a more reasonable eriterion than
that of coal only.

It will be readily seen from the averages that less than 4
pounds of coal in the majority of cases is that which is re-
quired to be burned per hour to produce one horse-power : and
as 13 pounds of coal burned per square foot of orate is a most
economieal rate of combustion, 13 divided by 4, or 3.25 horse-
POWer per square foot of grate per hour, is most economically
attainable.
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The above is for anthracite coal. For bituminous coal, as
23.8 pounds burned per square foot of grate is an economieal

rate of combustion, 23.8 divided by 4, or 595 horse-power
per square foot of grate, per hour, is economically attain
able.

The average of 13 and 23.8 is 184, which is very nearly
18.16, the average of all the 108 tests ; which confirms the cor-
rectness of common practice, as to rates of combustion.

CHIMNEYS.

The writer has found that a relation exists between the
coal burned per square foot of grate, with efficient chimney
draft, for anthracite and bituminous coal, and by assuming
that

coefficient X A4 ¥ H = coal per hour in pounds,
then coeflicient x 4 ¥ H = & x coal per square foot of grate per
hour, we find that for anthracite coal the coeflicient equals the
coal burned per square foot of grate, and that for bituminous
coal the coeflicient equals the'coal burned per square foot of
grate divided by 1.83.

The following tables, ficured by formuls given, will give
satisfactory results to any who may use them ; should any
special modification be needed; the user must use his own
judgment with regard to them.

Table No.- 6. Grate area for a rate of combustion of 13
pounds per square foot of grate per hour.

Table No. 7. Grate area for a rate of combustion of 23.8
pounds per square foot of grate per hour.

Table No. 8. Coal capacity of chimney.

Table No. 9. Horse-power of boilers.

Table No. 10.. Horse -power of chimneys, when two pounds
of coal per hour burned furnishes one indieated horse-power at
engine. Should the engine horse-power be known, and the
chimney size wanted, great care should be exercised in deter-
mining it:

The last tableis intended only for the one case.. The writer
has put bimself on record as being decidedly in favor of rat-
ing chimneys at their coal capacity and not by horse-power.

RATE OF COMBUSTION 23

The 23.8 1s a derived constant obtained by multiplying 13

< 1.83 ; 1.83 confirms Mr. Harris’s rule for grate area f:»r bitn-

minous coal burned with natural draft, 23.8 is an economical
rate of combustion for bituminous coal.

A horse-power is understood throughout these tables to be

the American Society of Mechanical Engineers’ standard of

34} pounds of water evaporated per hour from and at 212

Fahr.

7

24
.27
80
82
85
38
43
44
o
70
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80
01
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983
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2
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1848
1650

,
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1242
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1mn
1844

178
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4
19
2
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17
22
28
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'ABLE No.
TABLE No. 9.

 [oF .5
| EQuiv

HEIGHT OF CHIMNEY.
: — -y - - Pt T < B
) 10| 125 150 175 z 250" | 300" |8q. Chim.
1 2 s A L oian. | area | |
Side of 8q. ’ T

HEIGHT OF CHIMNEY. EqQuiv.
ocalrate o Combuation S 238 70" | 80’ | 0" | 100" | 1107 | 125" | 13 75’ | 2007 | 225" | 25¢ o Chlma
: 00 . Chim.
: - |Side of 8
¢

Inches.| Sq. Ft. Horze Power — 6.5 AVH. When 2 [bs. coal

16" C . -
19 i8 ’ ! 88 - 1

; |—1.77} o | | 16"
170

o

&~

G o ho W

QN

3

1086

1338

10700
12734

TABLE No. 8.
T TABLE No.
sQuiv.
300" 18q. Chim. il - ;
1 D/AN. 8 ) 3
i - | Eguiv.
Inches. 250° | 200" |8q. Chim.
1Side of Sq.

HEIGHT OF CHIMNEY.

g0* 100° | 170°

Side of Sq.
i =
| 16"
19

22

1027
1208

1404

1092
1300
1524
8825

7904 | 8558

8074 | 8945
10335111323
1168112779
13078 | 14313

| 5 S 3543 | 3991
18611 4037 | 4420

4368 4882 | §350 2 > = 14573 | 15964

200 5811 | 6367 03 J 349 18148 | 17880

25| 19526 | 21398

3 P435 | 2 . 23244 | 25487
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WATER-HEATING BURFACE IN BOILERS,

H. 8, per hour,)

r aquare foot of W,
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RATE OF COMBUSTION

This table has been calculated by D. K. Clark’s rules.

TABLE No. 12.

Height Diameter of
Flue,

Feet, Inches.

16
s
20
99
24
26
25
30
32
4
36
54
40
42
21
16
48

ST b GO S
LS e &SR

SCOIee

7

Dl ] T P S

Top sectional area of flue in feet.

Coal per bour. Area of grate.

Per Ib, coal per
hour Pounds. Square feet.

1.41 142
1.34 190
.27 248

314

216.4
096 O

6967
7434

7920

RATE OF COMBUSTION DUE TO HEIGHT OF CHIMNEY.

Trowbridge’s “ Heat and Heat Engines ” eives the follow-

ing table showing

the heights of chimueys for producing

certain rates of combustion per square foof of isection of the

chimney-flue.

It is best adapted to chimneys where a good

grade of large-sized anthracite coal is used.
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TABLE No. 13.

of coal
| burned per
Lbs. of coslsquare fool
burned per yrate
bour per square raki

iLba, of coal

burned. per

Lbs. 'of '¢oalisquare foot wof -
Height of burned pes wrate. the H :ﬁhl
hour per yausre (atio OC g ohimuey in
of chitmnie chimney fne feet
Are
being S w 1.

of

fool of section
of chimney fiue, chimney fae
area
being 5 to 1

15 .8
16 .4
16.¢
17 .4
18

i1R.:
19

19.5
20.

45
50
il
L)
65

(TR RVLY SN

Dr. R. H. Thurston’s rule for the rate of combustion for a
(Trans. A. S. M. B, vol. xi., p. 991) is:
Subtract one from twice the square root of the height, and the

result is the rate of combustion in pounds per square foot of
-9V H —1, in

oiven height of ¢chimney

erate per hour, for anthraeite coal; or rate

which fis the heicht of chimney in feet.
This rale gives the following table:

S0 b 100 110 125 150 200

N2W

17.97 19 1997 2186 249 D '

H = 1) 60 70
2VH — 1= 18.14 | 1449 (1558 | 16,89
The results agree closely with Trowbridee's table given
the hich rates of combustion for
ldom obtained, for

long horizontal

above. In practice, however,
high chimneys given by the formule are se
the reason that with high chimneys there are
joilers. and the friction and interference
of the cnrrents of gases from the different boilers diminish the
of the draft at the boiler from what it was at the

flues, ‘serving many |

intensity
chimney.
In a battery of several boilers comnected to a chimney 150
feet in height there has been found } inch of water draft at
the boiler nearest the chimney, and only { ineh at the boiler
farthest from it.
The first boiler was wasting fuel from

perature of the chimney gases, 900° Fahr., having too large a

an excessive tem-
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grate surface : ] '$ 1
i : T;llf{(( for the draft and the last boiler was workine
elow 1ts capacity, and with pe : :
v, )Or €Conomy ace
o I ny, on account of poor
Theron Skeel oivec .
. 1¢ xn}n .l\ul gives the following relative amounts of coal
1at ea 3 ned 1 ; i ] 1 : 5
: n be burned in the same time with chimnevs of var:
heights : - =
Height in feet
Heig e 1040 8( 3 g
Rejative amount of fuel. . 100 !;U “': ‘;:: ”‘, i::
s o4 -
’l' g ) A K s 2y = .

7 Ji '] eKinder finds the best results to be obtained bv
using chimneys of the following heichts - -
i5 ljm*l for free-bnrning bituminous coal
100 feet for free-burning bituminous slack
115 feet for slow-burning bituminous coal
o5 £, F e 3 i

125 feet for anthracite pea coal.
= ] 150 feet for anthracite buckwheat coal
“- — g F v « - - 3 A i
1 'Il‘la-« raft fo .u_ntlu:u'lhl coal of 0.75 to 0.88 inch of water
11s agrees with the conclusions of Emery and Hacue .
- At = \

AIR-SPACE IN GRATES.

m
Fhe successful performance of a chimney depends
Yery many local conditions, among which, and very i.m ;nrltl})ot“
is the amount of air supplied to the burnine fuel a: ll' 11 d’“- 1
to pass throngh it. - o e
e , : :
-,““.. ‘fnllm\'m‘«_r l.1.~‘.t gives the proper size of air-space and
thic l\ln'»‘-_‘" of metal'in the bar for different fuels i
f]._,““'h opening and #-inch iron for screenings
_'"-?ll('h opening and #-inch iron for ]xxx(-k\\l1:'jlf-('<\ﬁl
;\—!-lu‘h opening and {-inch iron for nut or pea 1'«)‘;1‘
i-ich opening and $-inch ivon for stove coal. ~ 7

i<!1x¢'}1 ”['l'h‘?ll:‘_f and i-inch iron for ege coal.
,-.nn-h opening and }-inch iron for broken coal
?-!m'h opening and }-inch iron for lump coal .
i-}nvll opening and #-inch iron for sawdnst. .
;i:::lll nyn-lf{)xg and ;‘-?n(-h iron for sawdust.
i-inchopening and }-inchiron for shavings.
§-in¢h opening and {-inch ironfor sha\'in;s.

IU] bltu 1ous H.l] O - operx 1 ¢ - ) On.
minous ¢ k >
» B I i 1< }! l' NIng dll‘(l g lu(ll iron
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VOLUME OF AIR PASSING THROUGH CHIMNEY.

Aceording to Professor H. B. Gale, the velocity for maximum
draft in chimneys is between six and fourteen feet per second,
depending on the height of the chimney and temperature of
the eéscaping gases; in brick-stacks it sometimes is as low a
rate as three feet per second. | The exact rate at which the best
draft is produced depends on so many variables, such as flue
temperatures, grate air-space, kind of conditions of fuel, etc,,
that it is probably not the same in any two chimneys or power
plants.

VELOCITY OF GASES.

Lang recommends “ for velocity of chimmey gases, V,, 13.12
feet per second ; in sheltered locations 9.84 feet per second.

If prevailing winds come over steep mountains and fall on
the top .of the chimney, then V, must be correspondingly in-
creased from 19.68 to 22.96 feet per second ; or the top of the
chimney must be provided with proper covers for such un-
favorable directions (wind caps, efc.).

With zood wind caps V. may be reduced from 4.92 to 5.65
feet a second.

Wind caps, on account of their dangerous position, are only
recommended in exceptional cases.

If a number of boiler-furnaces discharge their gases in one
and the same chimney, then ¥, must be increased for the full
working number, so that in case there are less than the whole
number of boilers ander fire a sufficient. exhaust velocity of the
oases will still be obtained. = In place of the average value of
V, = 13.12 feet per second ; the following values may be sub-
stituted :

For 3 boilers, V, = 16.40 ft. per see. = 984.0 ft. per minute.
¢m T e 10.68 K 6L —=1180.8< -
«y9) | 4 a=R296 | & | =13776¢ §
X x3.28

“ more, 12 + X boilers, V, = 22.96 + —— —ft. a second.



IRICK CUHIMNEYS.

RATE OF COMBUSTION

WIND-PRESSURE,

The scale of the Smithsonian Institution at Washington for
the estimation and description of the velocity and pressure of
the wind, caleulated by Smeaton’s Rule, is as follows :

Divide the square of the velocity in miles per hour by 200 ;
the quotient is the pressure in pounds per square foot.

TABLE No. 14

Grade Velocity in miles per | Pressure per square

. Name.
hour, foot in 1bs.

0 0.0 Calm.
2 0.02 Very light breeze.
4 0.08 Gentle breeze.
12 0.75 Fresh wind.
25 3.00 | Strong wind.
30 4.50
35 6.00 High wind.
40 8.00
45 10.00 Gale.
50 12.5
60 18.00 Strong gale.
75 28.2 Violent gale.
80 32.00
9 00 40.5 Hurrieane.
10 100 50.00 Most violent hurricane.

sl & O Hlwe

In the United States the general practice is to assume fifty
pounds wind-pressure per square foot as the highest to be con-
sidered.

Norecord of such a high pressure has been heard of; oris
likely to be, except in the extreme hurricane, with cyclonie
conditions present, as in the East St. Liouis, Mo., tornado of
1896, when the brick chimney of the Eleetric Light Station
was partially destroyed and blown down.

From caleulations made since the ocenrrence, the force of
the wind must have been about ninety pounds per square foot.

During the Galveston, Tex., tornado of September, 1900,
the barometer dropped to 27.3 inches, and the velocity of the
wind was reported by a United States Engineer to have been as
high as 100 miles per hour.
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The Fngineer, London, says: the pressure of the wind on
plane surfaces has been found by experiments to be approxi-
mately :

o
g =gp °08 -
2 = velocity of wind in feet per second.
2 = angle befween the normal to the plane and the
direction of the wind:
¢ = pressure in pounds per square foot of plane.

The above, of course, does not apply to curved surfaces.

CHAPTER V

FOUNDATION MATERIALS. BRICK CHIMNEY MATERIALS

Locicariy and from an engineering stand-point, the first
detail of chimney construction is the foundation.

Before considering this topic, a brief statement of the qual-
ities and strenoths of various soils, with reference to their abil-
ity to support foundations, is requisite.

BEARING FOWER OF SOILS.

The building laws of New York City allow 4 tons per square
foot as a safe load for  good solid nafural earth.”

The laws of Chicago speecify 17 tons for pure clay, fifteen
feet or more thick: 2 tons for pure dry sand, fifteen feet or
more thick ; and 1} tons for a mixture of clay and sand of the
same depth.

Ordinary practice gives the following :

200 tons per square foot for solid bed rock.

5 to 25 tons per square foot for rock broken, but well com-
pacted.

4 tons per square foot for pure clay fifteen feet or more
thick.

1 ton persquare foot for soft: wet elay.

8 tons per square foot for gravel well packed and confined.

4 tons per square foot for pure dry sand well packed and
confined.

2 tons per square foot for pure dry sand in its natural bed.

1 ton per square foot for quicksands and marshy soils.

PILING.

Piling must be resorted to when the soil is very sandy or
l()()St‘.
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Piles should be of spruce, not less than six inches in di-
ameter at the smaller end, and should be driven by a drop-
hammer weighing not less than 2,000 pounds.

The broom and sphinters should be removed from the head
of the pile for the last blow.

The heads of the piles should be sawed off level and capped
with an oak erillace, or filled around with conerete.

There has been no satisfactory determination made of the
safe load on piles, and each engineer is ebliged to use his own
judgment.

A test reported in ZEngineering News, July, 1893, says:
four piles, 13 inches in diamefer, 80 square inches area, held
up 50.7 tons each without settling.

We give the following formulze, for the benefit of those who
care to use them :

Let 2 = weight of ram in pounds.
k. = fall of ram in feet.
s = depression at last blow in feet.
e — average depression for 100 blows—in inches.
P = weight of pile in pounds.
L = carrying capacity of driven pile in pounds.

2, .-
Safe load in pounds = /'. /'m—\_ e. (Dutch formula).

Rh

Je + 8

Safe load in pounds = } ( ) (Eng. News, Feb.,1891.)

L = l(”/') (L. P. Church in Mechanics.)

L =32RV=*c (Haswell, 1894);*
where ¢ is a constant having a value of from three to
six aceording to the nature of the soil.
- 2R
TR
; Vhx R x.026 o -, .
(34) L= T . (Trautwine.)

As a factor, Trautwine recommends that for piles thor-
oughly driven in firm soils, one-half of the above load be
taken; in river, mud, or-marsh (piles not driven' to rock bot-
tom), the safe load be restricted to one-sixth of L.

* Haswell, 1900, gives L = 8RVA +1.25

(Wellington.)
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__ fall of hammer in inches x weight of ram in net tons
i depression at last blow in inches = 8 -
(Sanders.)
This formula applies to piles driven until penetration is small
and nearly equal for successive blows.
Building laws of these. cities give the followino -
Philadelphia, small end 5 inches, head 12 inches, spaced not
over 30 inches centre to centre, 20 net tons per pile.
New York, small end 5 inches, spaced not over 30 inches
centre to centre, 20 net tons per pile.
Chicago, 25 net tons per pile, driven to rock or hardpan
bearings.
Buffalo, small end 6 inches, spaced not over 36 inches centre
to centre, 25 net tons per pile.

CONCRETE-

Concrete is largely used as a subsidiary foundation.

The Metropolitan Water Board’s specifications for this ma-
terial are as follows: “Concrete shall be composed of one part
by measure of American natural hydraulic cement. two parts
of clean, sharp sand, and five parts of clean sereened broken
stone, or elean screened j_"l‘;t\'vl.

“The stone for the conerete shall be free from elay, dirt, or
other objectionable material ; no stone shall be gx'(;utnr than
two and one-half inches, and but very few less tlmn-()uv-quar’tcr
inch in their greatest dimensions.

“The mixing shall be done in proper boxes, in a manner
satisfactory to the engineer.

“After the materials are wet, the work must proceed rapidly
until the conerete is in place, and is so thoronghly rammed that
water flushes to the surface, and all the interstices between the
stones are entirely filled with mortar.

*“Tt shall be allowed to set a sufficient time, to be determined
by the engineer, before walkine over. or working upon it shall
be permitted.

“ All trenches or foundations must be kept free of water
while concrete is being placed therein.

“All.cement used in the work shiall be'of the hest quality of
American natural hydraulic cement, and equal in <|n:|]il\: to
the best Rosendale cement : it must be made by m:umf:u'hirvrs
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of established reputation, and must be fresh, very fine ground,
and put up in well-made casks.

“For exposed stone masonry, Portland cement, mixed in the
same proportions as the American cement concrete, shall be
used ; all other stone masonry should be laid in American
cement concrete of second quality, mixed in proportion, by
measure, of one part of cement to two parts of sand for both
mortars.”

The building Iaws of Chicago will not allow more than four
tons per square foot on concrete foundations.

Joston-and New Yeork specify a minimum thickness of
twelve inches.

Usine a factor of safety of five, the safe load per square
foot. for concrete one month old, is three tons ; for concrete
six months old, is twelve tons: for concrete one year old, is
sixteen to twenty tons.

Chimney foundations are sometimes made of large stones
laid on a bed of ¢onerete, and in any case, whether of conerete,
stone, or both, they should be large enough to prevent unequal
settling ; the pressure on‘the foundation being largely concen-
trated-on the leeward side, and the prevailing winds therefore
arc apt to have the effect of canting the chimney to one side,
unless a broad foundation is furnished.

For dimensions of foundations, and descriptions of several
in particular, see pages 36 to 116.

Walls laid in lime and cement mortar : New York, 23,000
pounds per square foot, 160 pounds per square inch.

PIERS.

Building laws of Boston allow 6 to 20 times least diameter
for the heicht, also laid in 1 part cement, 2 parts sand, 26,000
pounds per square foot: laidin 1 part cement, 4 parts sand,
20.000 pounds per square foot; laid in lime mortar, 14,000
pounds per square foot ; for “light hard ” brick, two-thirds of
the above loads are allowable.

Professor Ira O. Baker#® says, “safe loads for good brick,
in lime mortar, 40,000 pounds per square foot ; in cement, 60,000

pounds per square foot.

* Expanded Metal and ite Uses in Fire-proof Construction.
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In United States Government tests, piers built in lime mor-
tar have cracked at a load of 1,200 pounds per square inch, or
172,800 pounds per square foot.

TABLE No. 15.
UNITED STATES GOVERNMENT TESTS, WATERTOWN ARSENAL.

Breaking load on common brick piers, laid in & mortar composed of one
part cement to two parts clean sharp sand.

i - - Breaking load
Height (feet) Size of pier (inches), Area (square inches) (pounds per square

inch).

10 8 x8 57.38 1500
8 12 x 12 30.53 1461
10 12 x12 32.25 1347
10 1212 303 1457
10 16 < 16 238_70 964
10 16 x16 244 92 1010
123 2 %19 34 56 1622
124 2 1% .67 1468
: one part, sand three parts.

10 2 x 1% 132 25 1511
10 2 xls 115 44

10 2«16 192 00

¥ Face brick ; showed cracks at a load of 516 pounds per square inch.

FIRE AND RED-BRICE-WORK.
Sizes of fire-brick : 9-inch straight, 9 x 41 x 21 inches.
Soap, 9 x 21 x2% inches.
Checker, 9 x 3 x 3 inches.
2-inch, 9 x 43 x 2 inches.
Split, 9 x 4% x 1} inches.

A 9-inch straight brick weighs 7 pounds, and contains 100
cubic inches, its specific gravity is 1.93.

One eubic foot of wall requires 17 9'inch straight bricks,
and weighs 120 pounds. One cubic yard ruquircs\{(i() 9-inch
bricks.

One ton of fire-clay will lay 3,300 ordinary bricks.

Fire-bricks should be used where a temperature greater
than 600° Fahr. is to be withstood.

English fire-brick measure 9 x 41 x 2f inches.
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A. T. Byrne says: * “To secure the best results, fire-brick
should be laid in the same clay from which they are manufact-
ured.

« J¢ should be/used in-a thin paste, and not as a mortar:
the thinner the jointthe better the furnace wall. The brick
shonld be dipped in water as they are used, so that when laid
they will not absorb the water from the clay paste.

“They should then receive a thin coating of the prepared
fire-clay, and be carefully placed in- position with as little of
the fire-clay as possible.”

Ordinary red bricks measure 8} x 4% 2 inches, or 26 bricks
to the cubie foot. The average weight is 43 pounds.

An 8}-inch wall requires 14 bricks per superficial foot.

A 123-inch wall requires 21 bricks per-superficial foot.

A 17-ineh wall requires 28 bricks per superficial foot.

A 213-inch wall requires 35 bricks per superficial foot.

Sare Lioaps— Red. brick.—Suminary of same mun ieipal build-
’Z.Hy /([t/‘.\‘_ .\V»‘l/‘ )':)7‘/.‘, (‘//[«'rllr[n, and ]}v»&/nu_

Walls : Hard-burned red brick, laid up in a mortar com-

posed of one part of cement to two parts clean sharp sand :
Boston 30.000 1bs. per sq: ft., 207 1bs. per sq. in.
New York. . ..30,000 1bs. per sq. ft., 207 lbs. per sq. in.
Chicago 95 000 1bs. per sq. ft., 173 Ibs. per sq. in.

Walls laid in a mortar composed of one part of cement to
four parts of clean sharp sand :
Boston 94 000 1bs. per sq. ft., 166 1bs. per sq. in.
Chicago. . . ..-18,000 Ibs. per sq. ft., 125 1bs. per sq. in.

‘Walls laid in-lime mortar:
Chicago 13.000 1bs. per sq. ft., 90 1bs. per sq.in.
3oston 16.000/1bs. per sq¢ ft. 111 1bhs. per sq.in.
New York . . ..16,000 1bs. per sq. ft., 111 1bs. per sq. 1n.
Faxpansion of Fire-brick in Chimney—Eng. Rec., vol. xxix.,
p. 400, H.N. Brinckerhoff says + It varies from nothing to 2 to 3
inches in 75 feet (in height, also that in Tined steel chimneys
4 inches in 200 feet is not likely to occur.

* Tnspector’s Pocket Book-
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Twenty cubic feet = 16 bushels of sand, 4 cubie feet = 32
struck bushels of quicklime, will make 224 cubic feet of mor-
f_;u.' and will lay 1,000 2 x 4 x 24inch bricks, with £ to }-inch
Jnlllf.\. :

. A '_'-i)(nl bricklayer will in a day of ten hours lay 1,500 brick

if pn.n'nlml with a laborer to keep him supplied with materials

but in chimney-work the number of bricks laid will depend

on desien of chimney and elevation above ground of scatiold

from which they are laid. ’
1 M. o N e . . .

John C. Trautwine, Esq., furnishes the following directions
for cement mortar :

A barrel of cement, 300 pounds, and two barrels of sand (six
bushels or 7} cubic feet) mixed with abont half a. barrel of
water, will make about 8 cubic feet of mortar sufficient for

192 square feet of mortar, joint 4 inch thick;

9288 square feet of mortar, joint £ inch thick;

:\4 square feet of mortar, joint + inch thick;

768 square feet of mortar, joint § inch thick ;
or. t av » 10 var )¢ 2 9 1 3
or, tr) h} 1 uﬂn.( yvard, or 522 bricks of 8% x 4 X 2 inches with
join sg inch thick, or a cubie yard of rubble stone-work. The
quantity of sand may be increased to 3 or 4 measures for ordi-
nary work.

Two barrels of ¢ 1
f s harrels of eement and two barrels of sand will be suf-
ficient to'lay 1,000 bricks.

. Five pounds of salt added to each 20 gallons of water used
with cement, will prevent its freezing at a temperature of 10°
l)tf]““' Zero.

It (!111(‘1&1?115 the hardening and does not materially reduce
the ultimate strength.

LINING.

If t‘hn heat of the gases exceed 300° C. or 572° Fahr. then
the bmldin: of a so-called lining of the shell of a thickness
= 0.09 nieter (3.53 inches) to 0.25 meter (9.84 inches), varying
:u-c.unlm: to the chimney heat and degree of heat in the m:
terine gases. is to be recommended.

) .(}:1305 below 2502 €. (482° Fahr.) do not demand a fire-brick
lining, except np to a short distance above where the flue en-
ters the chimney. (G. Lang.)
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The latter is about all that is done in brick chimneys in the
United States.

Rarely being over 9 inches thick at the bottom for 30 feet
in height,or less, and 41 inches thickness for 30 feet above 1,
we also seldom see any double-shell brick chimney lined with
fire-brick to a greater height than 20 to 30 feet above breech-
ing or top of entering flue.

A single-shell brick chimney 225 feat 9 inches, p. 89, has
56 feet of 9-inch.and 60 feet of 43-inch fire-brick lining.

Steel chimmeys are frequently lined with hard-burned red
brick. sometimes with fire-brick, generally leaving an inch
space between lining and shell to be filled with sand.

All fire-brick linings should have room. for expansion, and
for removal of a portion at one time.

FOUNDATIONS.

Professor Tiang, of Hanover College, Germany, says: The
bounding planes of the sides of fonndations should be inclined,
enlarging the body of masonry as it deepens. Instead of a
plane, the inclination may be made by use of a step construc-
tion. The proportions of the foundation should be such that
the permissible load persquare foot on the earth or soil found
in the particular loeality shall not be exceeded, and, also, that
the wind-pressure against the chimney-shaft shall not nnduly
increase the fonndation load at any point. The inelination of
the bounding sides with the horizontal should not be greater
than 60 degrees. 1t may be assumed that the supporting and
sustaining ecapacity of earth of uniform character increases
eradually with its depth.

In order that both the dead load and the effect of the wind-
pressure may be properly taken care of, Hotop gives these
formulse :

Y/here H. = depth of foundation below ground level ;
B, = breadth of the bottom of foundation ;
H. = height of chimney above the top of foundation ;
and S, = thickness of bottom plate of foundation,

Hu— ];' and B. = {LJQL[“
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For especially wide chimneys, the values of H, and B
should be enlarged proportionally. e
Gaping of joints in chimneys is almost entirely avoided
.\\-]n-*!u the greatest pressure on the foundation dut-ﬁr I;t.)tL t!’\'C("(;ll
:iim') pounds per square inch or 5120 pounds per sqnau-’ foot
Ihe base of the foundation, or foundation plate, should have a.

thickness S, 7 1.64 + 0.01 /7, where all dimensions are in feet.

If the angle of the sides to bottom of the foundation should be
greater than 60 degrees, it should be st!‘e‘n*'t]u-m-(i by s‘tv*i
beams or 1’:}ih'n:u] rails placed crosswise in th: concrete. o
Iu' looking over some tests, the writer finds that in com-
pression tests of eubes of cement conerete the corners of the
cubes and their sides break off, or slough off, leaving th.(‘ angle
somewhat less than 60 degrees ; this bears out Prnft-:s«n‘ I:zm:'%
statement. Thus, when designing footings or fllllllllil“tlll\'hﬂhf
conerete, with no.metal in them, it is of no-advantace to ll“l\'(‘
the angle of th.v bounding sides to the base much 1:.\*5 th:n; l;(;
(lugrees. Again, there is no advantage in enlarging the foun-
(.luhnn plate beyond what that angle will give unless motal r
inforcement is used. E o S
The foundation of masonry for the brick-lined steel chimney
for the Maryland Steel Works was large-dimensioned stoné
quarry faced, with dressed arrises,set in a mortar of one [vu*’t’
I’m"t‘]:m(l cement and three parts of sand by measure. ‘
& ~l he fm:m}a?inu t_)f a brick chimney erected in 1859 for the
R A T e TR
: S: s base, two courses of heavy-dimen-
sioned stone, is bedded upon the surface gravel near the
mouth of the river, there recently deposited by the lake '[‘ln:
mortar employed in the joints between the stones was ‘l:u()ﬁno'
gravel and cement. The area of the base is 256 square fec—‘:
tl?(-'wm'_v_rht- of the chimney, inclusive of the base, is 625 hms'
giving a pressure of 34 pounds to the square inch, 2.45 tonsl
per square foot.
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The foundation of a brick chimney erected in 1872 for the
MecCormack reaper works, 160 feet high, 14 feet square at the
base. with a flue 6 feet 8 inches in diameter, is as follows :
The base is 25 feet square; area, 625 square feet ; the weight
of the chimney and the base is approximately 1,100 tons; the
pressure on the soilis 24.33 pounds per square inch, 1.75 tons
per square foot. Soil was dry, hard elay. This loading is
very light.

Foundations for self-susfaining steel chimneys are of ne-
cessity of greater bearing surface than for brick chimneys, and
will be treated under steel chimneys.

CHAPTER VI

STEEL CHIMNEYS—THEORY PERTAINING TO SAME, AND
EXAMPLES FROM EXISTING STRUCTURES

STEEL CHIMNEYS,

TaE cheapest chimney that can be erected if ground-space
is plenty, is a straight steel tube, held up by one or two sets
of guy-rods or wires, four or six in a set. These guys should
be fastened to an angle-iron or band at two-thirds the height,
and if two sets are used, also at one-third the height. They
should be anchored at a distance from the base equal to the
height of the band above the ground. Boiler blank flue-heads,
16 to 24 inches larger in diameter than the chimmney, and § to
Zinch in thickness, make good bed-plates. If east-iron bed-
platésiare used, they should be at least one ineh thick. The
foundation should extend at least 12 inches above the ground
level. and should be sunk 4 feet below ground level, and spread
out on the bottom to about twice the diameter of the chimney.
An iron or steel casing is superior to a brick one, in that it
does not leak and draw in cold air, thus impairing the draft.
Moreover, when the ordinary chimney is working at its full
capacity the velocity of the ascending column of gases s so
oreat that very little heat is lost by radiation through the
shell, even though the latter be without any lining, which is
quite common.

It is scarcely necessary to say that steel chimneys are al-
ways round. For guy-rods, 3-inch or #-inch iron is a common
size.. For guy-wires, not oyer 1 inch in diameter should be
ased. The following table will give some useful data. Whether

rods or wires are used, a turmbuckle i1s necessary for adjusting
the tautness of the connection.
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Moreover, when the ordinary chimney is working at its full
capacity the velocity of the ascending column of gases s so
oreat that very little heat is lost by radiation through the
shell, even though the latter be without any lining, which is
quite common.

It is scarcely necessary to say that steel chimneys are al-
ways round. For guy-rods, 3-inch or #-inch iron is a common
size.. For guy-wires, not oyer 1 inch in diameter should be
ased. The following table will give some useful data. Whether

rods or wires are used, a turmbuckle i1s necessary for adjusting
the tautness of the connection.
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TABLE No. 18.
STANDARD HOISTING ROPE—CRUCIBLE STEEL, NINETEEN WIRES TO THE
STRAND.

Circumfercnce. Diameter. n_:i‘ :‘:r{" P fm‘)""; ;xfn Breaking strain in 15 "i‘ L 'L'“‘"[
= S 1 hemp centre (= £ (00 The oad in tons of
Inches. Inches. T.bs, tons of 2,000 1bs. 2 000 1bs.

.00 40
5 32
24

18

14

73
6

33
3%
23
28

e
ap

Sl

b d

GUYED STEEL CHIMNEYS.
“ RBude of Thumb” for Finding Diameter of Guy Wires for Steel
Claimneys. (Fngineering Mechanies, October, 1893.)
Multiply the height of chimney in feet by its diameter in
inches, and take the square root of the product. Divide this
by 100, and the quotient is the least allowable diameter in
inches for each of four guys.

TABEE OF THICKNESS BY GAUGE OF STEEL FOR GUYED CHIMNEYS.

Dismeter—inches. ., 15 20 24 A5 28 30 a2 32 34 36

Height—fest 1) B 3 50 ol | 65 60 5 70 70 75
Thickness—gatge.. | 16/ 16| A4 &16 |14 |14 \12&T4 128614 12&14 10&12 10&12

E. P.-Auvuis & Co.

WEIGHT PER FOOT OF STEEL RIVETED TUBES FOR GUYED CHIMNEYS

Diameter —inches . 10 12 14 16 o 22 a4 of ‘ 30
No. 16 W. G, Wt. per foot T R.66 958 1168 13.7% 1500 163 S 2000
No. 14 W. G., Wt. per foot. 9.40 11.11 13.69 35.00 15.33 20.00 21.66 38, 26 66
Circular boiler heads make good bases for guyed steel
chimneys. ' The table on pages 48 and 49 applies to such cases.

SELF-SUSTAINING STEEL CHIMNEYS.

The self-sustaining steel chimney is a feature of a great
many modern power plants, because of its many advantages
over a brick chimmney:

Among these advantages are: less floor or ground-space
occupied, that is above the ground: ease and rapidity of con-
struetion and erection ; because it weighs less than a brick
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chimney of like capacity, it is better adapted to soils of low
load-sustaining power ; the steel shaft presents a smaller area
to the wind than a brick chimney of equal flue area does.

Self-sustaining chimneys are frequently lined with fire-
brick, but more often with ordinary hard-burned red brick,
which can receive the chimney gases at 600° to 700° without
injury.

Some, however, simply line the chimmney at the bottom
where the flue enters it, and in such cases second-quality fire-
brick answers the purpose very well.

The thickness of brick lining should nowhere be less than
4} inches, and that in the upper portion of the chimmey, and
the thickness should be inereased toward the bottom, adding
41 inches every 30 or 40 feet.

The size of flue and thickness of lining being known
(usually adding from 18 to 36 inches to the diameter of the
chimney shell or tube), we may start with the design of the
chimney.

For an example we will assume the ease of a ehimney with
an outside diameter of 66 inches and 150 feet high.

Let the diameter of the chimney be called /.
Let the diameter of the bottom of bell-shaped base be
called 7).

The writer usually makes the height of the bell-base, or
khz = 2D. and the diameter of bottom of bell 2, =27, though
11 times the diameter £ is often used for both the height /g,
and diameter /),.

The outlines of the bell-shaped base in vertical projection
should be bounded by straight lines, as of a cone, to give the
createst strength, but the outlines are often made curved as in
a pealing bell, making use of thicker sheets of steel to counter-
act the loss of strength due to the straight outline.

The base-plate, usually made of cast-iron, should be kept
from 12 to 24 inches above the level of the ground, but in no
case should a high brick pedestal be used, it being much more
expensive, less pleasing architecturally than the low founda-
tion, without possessing any advantage with regard to strength,
and it oecupies much more space on the ground.

The base-plate is usually made of cast iron from 1 inch
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thick for 100-foot chimneys to 3 inches thick for 250-foot chim-
neys, and from 16 inches to 36 inches larger than 77, in diameter
for the above heights.

For the convenience of casting base-plates ean be made in
from two to six sections with flanges; held together by $-inch
to 1}-inch bolts, and need be solid only to within 12 inches in-
side the bell, that is, like a round wrought-iron washer.

Neglecting the flare at'the base we will consider the whole
height of a chimney with a common diametex D, and proceed
to design the shell.

Considering the force of the wind as 50 pounds per square
foot-—the actual pressure on a cylinder is 50 per cent. of the
above, or 25 pounds per square foot on the projected area.
Add 5 pounds for compressive strain produced by the wind in
one half of the'shell and its dead load, and we have 30 pounds
as a safe value for wind-pressure.

The heioht of the chimney under consideration, /7 =150
feot. which, multiplied by D = 5} feet and 'by 30 pounds, gives
24 750 pounds of wind-pressure/distributed over the entire area.

. L ASH )
Thelever arm about-the base being— -, the bending mo-

! ol 150 =i 1
ment is 24750 : — 1856250 foot pounds.

- . 5 ; ; . w(D'—d}
The section modiulus, Z, for hollow cylinders is ""’(71)—),
(3

where d = the inside diameter of the shell, and simplified the
» /)' -d?
value of Z = .0982 ( — D
should be used in this formule, or divide the results obtained
from usine inches by 12.
Dividing the bending moment obfained as above, by the
section modulus Z we obtain the strain per square inch on

); having used feet before, feet

any section considered.

By calculating the bending moments at different heights
of the chimney by multiplying the diameter by H by one-half
of the height above the section under consideration by 30
pounds, we may then make use of the following table.
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TABLE No. 20.

fOMENTS OF RESISTANCE OF THIN HOLLOW CYLINDRICAL BEAMS (IN FEET)
D — outside diamete j E-
. ter. 2 - 2
= ide. R inohes — L0982 (DF — dY)
¢ — mside diameter.

Inside
Dinmeter,
Inches,

2.2 80.
85 . 95.
101, 112.
117. 130.
134 149 .0
152 .0 169.
2. 191
192. 214,
226, 251.
261 . 201
300, 334
341. 880,
385 . 428
43'2. 480
481 . 535
533, 592
A 644 . 716.
0 766 852
899 999
26.0 | 1043 1160.
01 1197 1331
001361 . 1513.
5.0 | 1536 1708.
LD 1720, 1914
: ! 0 1919, 2183
1180 16. 1653. 1889.0 | 2126.0 | 2362.

(Power, 1897.)

Dividing above result by the strength in teunsion of steel-
plate—45,000 to 50,000 pounds, divided by a factor of safety of
4. obtain the factor which in the horizontal line of <']xi11ﬁm\'
diameter will be found in the colamn of proper thickness of
stee] to be used for the shiell at the seetion considered.

Thus for the chimnev under consideration, 40 feet down
from the top, we have (5} X 40)30 X 4)0 — 132000, which, di-
vided by 12,000 pounds, gives 11 asthe section modulus ; so the
shell may be miade of less than %" thickness at that elevation.
It is not advisable to use less than 1" to 7" thickness of metal

in any tall chimney, or short one, if long life is to be desired.




52 CHIMNEY DESIGN AND THEORY

The Philadelphia Engineering Works, Ltd., gives the fol.
lowing for the shells of steel chimneys:

TABLE No. 21

SIR WILLTAM FAIRBAIRN'S EXPERIMENTS.

Breaking

Qut=ide Sectional Breaking

Sle AN
e dizmeter. area. weight.

Feet, Inches. Inch, | Inches, Square inches, Lbs
17 0 087 | 120 1.3901 2,704
5 : 113 12 .4 43669 11,440
23] ¢ L0631 17.68 3.487 ‘ 6,400
23 119 18.18 6.74 14,240 13,910

Mr. Edwin Clarke has formulated a rule, from experiments
conducted by him, in the use of iron and steel for hollow tube
bridges, which is as follows:

(36) Centre breaking g;\rou of material _ Mean depth , Con-

- N - - - A =
: =2 in inches. in inches. stant.
load in tons = ( L

Clear span in feet.

When the constant used is 1.2, the caleulation for the tubes
experimented upon by Mr. Fairbairn are given in the last
column of the above table.

D. K. Clark’s ““ Rules, Tables, and Data for Mechanical En-
cineers,” page 513, gives the following rule for hollow tubes:
314 TS

L

W — Breaking weight in pounds in centre.

) — Extreme diameter in inches.

7' = Thickness in inches.

7. — Length between supports in inches.

S = Ultimate tensile strength in pounds per square inch.

Taking S, the strength of a square inch of a riveted joint
at 35,000 pounds, this rule figures as follows for the different
examples experimented upon by Mr. Fairbairn:

I 814 % 144  x 0.037 x 35,000 < 204 2,870
TL 3.14 % 153.76 x 0.113 x 35,000 <= 187.5 = 10,190
b
X

@37 W=

ITI. 314 x 3125 0.0631 x 35,000 = 282 7,700
IV. 314 330.5 0.119 x 35,000 = 282 = 15,320
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The Hartford Street Railway Co.’s
(Hartford, Conn.) chimney is 166 feet
high, diameter of bell at base 190 inch-
es, tapering to 129 inches diameterat a
height of 21 feet. Twenty-one feet of
1-inch steel at bottom, 30 feet %-inch
steel, 30 feet 2-inch steel, 30 feet
Fz-inch steel, and 55 feet }-inch steel
at top. Ladder from top to within
2 feet of the base; a 5 by I-inch flat
iron band around the top, on inside;
copper ecornice 190 inches diameter

by 114 inches high, of 24-ounce cop-

per; base plate 18 feet 6 inches
square. This stack has 4} Inches
lining, thus making a 10 feet diam-

eter flue.

ILEUS. "No: 3

X n e tet 16 CRIMSEY
HARTFORD STREET RAILWAY COMPANY Caim
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A close approximation between the breaking weights ob-
tained by his experiments and those derived from Mr. Edwin
Clarke’s and Mr. D. K. Clark’s rules will be observed. It may
be assumed, therefore; that this system of caleulation is prae-
tically correct, and thait it is eminently safe when a large factor
of safety is provided, and from the fact that a chimney may be
standing for many years without receiving anything like the
strain taken as the basis of the caleulation—fifty pounds per
square foot. "Wind pressure at fifty pounds per square foot
may be assumed to be travélling in a horizontal direction and
be of the same velocity at all points between the top and the
bottom of the stack. This is the extreme assumption. 1f,
however, the chimney is round, its effective area will be only
half of its diametral plane, that is, the entire force on round
chimneys if eoncentrated in the centre of the height of the
section of the chimney to be considered.

Taking the average diameter of a 125-feet chimney as 90
inches, the effective surface in square feet upon which the
force of the wind may act will, therefore, be 74 times 125 di-
vided by 2, which multiplied by 50, gives a total wind force of
23.437 pounds. The resistance of the chimney to breaking
across the top of the foundation would be, 3.14 x 168* (that is,
diameter of base), multiplied by .25-% 35,000= (750 % 4) = 258,486,
or 10.6 times the entire force of the wind. We multiply the
half height above the joint in inehes 750 by 4, because the
chimney is considered a fixed beam with a load suspended at
one end.

In calculating its strength half-way up, we have a beam of
the same character, the beam in this case being fixed at a point
half-way up the chimney, where it is 90 inches in diameter and
.087 inch thick.  Taking the diametral section above this point
and the force as concentrated in the centre of it, or half-way
up from the point under consideration, its breaking strength
is: 3.14 x 90° x 0.187 x 35,000 = (381 x 4) = 109,220. The force
of the wind to tear it apart through its cross-section at this
line, 73 % 6234 x 50 =2 = 11,725, or a little more than one-tenth
of the strength of the stack.

Riveting—Not less than }-inch rivets, and never a less di-
ameter than the thickness of plate should be used.
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For vertical or horizontal seams in flaring base the joints

should be double-staggered riveting ; above the bell a single
riveted joint can usually be made use of, though for horizontal
joints double-staggered riveted joint may often be most desir-
able and necessary—having a greater lap for sheet and conse-
quently giving greater stiffness to the shell.

Button-head should invariably be used, with the button-
head inside s0 as to present the least resistance to the gases.

Rivets should be spaced at least 2} times their diameter
centre to centre, by a distance not any further apart than 16
times the thickness of the plate with which they connect;
use all possible care to have the joint air tight and of suf-
ficient strength.

In Reuleaux’s “Constructor” is the following regarding
riveted joints, which may be found of value in this connection.

Let s = thickness of plate.

d = diameter of rivet.

a = pitch of rivets, centre to centre of adjacent rivets.
7 = number of rows of rivets.

¢ — ratio of resistance of joint to full plafte.

b = overlap for shearing.

b= ()\'i’l'l:(p for lwmlin;:.

Overlap is the distance from centre of rivets to edge cf plate.

In conneetion with the above we have the following table,
No. 22, regarding lap-joints, which type is most frequently
used in steel-echimney c¢onstruction.

For ease of construction and economy also, the method of
making the diameter of the circle between the plates the same
for all joints is the best, and the upper end of each section
should be placed inside the lower end of the section immedi-
ately above it.. For brick-lined chimnéys the reverse order is
preferred.

In recent tests made of the flow of water under the direc-
tion of Clemens Herschel, of the East Jersey Water Company,
of New York City, it has been found that the friction is ap-
preciably less in pipes coustrneted as above over the style of
one large course than one small one, and large one, ete.*

* Reference—One Hundred and Fifteen Experiments on the Plow of Water Throogh Riveted
Pipes. Herschel, Published by John Wiley & Sons.
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TABLE No. 22.
PROPORTIONS OF RIVETED JOINTS (REULEAUX'S * CONSTRUCTOR ).

d - 2, P 3.0 40

-

LR

0.29

1.06

BUTT JOINT.

= lap for bénding cor
ch

) = atressdn t
thickness of 'p Lre y

£ to that of the full
= pamber of ™
cntre to o

s fri thickness of plate
i — pressire of rivet on thickness plate.
= lap forshearing conditions. =PI o

Wherever possible one section in height should be m:u?c
of one sheet. in circumference, and the author prcfv.rs tn.mul\e
the bell one sheet in height by 6, 8, or 12 sheets direction ().f
the circumference; joints in the latter to be double-staggered
riveted.

We have the following graphic¢ rep
just given for stability of chimneys: e

If the chimney is blown to the position of the angle indi-
cated. or until the line from centre of pressure passes t]n'ou;{h
the third of the foundation; indicated by the arrow, we have,
by summation of moments, about: 3 = O or zero.

resentation of the rule

he |
(88) (W.+ Wx) I.:}' — wind-pressure ( 5+ /'r).
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Collecting the data of a number of existing * self-sustaining
steel chimneys and plotting the results given in the last three
columns on the right in the accompanying table.} the author
finds that a straight line fairly represents each mean, and for
any chimney of steel—self-sustaining, the following equation
ll()l(ls _'_'Uu(]:

/r,“‘l/

- i
(39 Dr=gert0

+ 10.

Rnowing ke, kr which may be taken equal to or assumed a
little less than Dy, W., D, and wind-pressure, and substituting
in equation, 38, we can obtain ¥; for a given case.

By substitution :
(40) (W.+ Wy {;f'— 30/i.xd -+ 15k d.

Knowing the least diameter of the base of the foundation
we can readily calculate the cubical contents of the necessary

frustum of a cone by the

F - following rule:
; [ The econtents of the
frustum of a cone or pyra-
mid are found by adding
together the areas of the
Wind Pressune ends and the mean pro-
portional between them
(the square root of their
product), and multiplying
the sum by one-third of
the perpendicular height.

In the. event of the
diameter of the /base as-
snmed for top and bot-
tom of the foundation not
i ; X —5m_ giving enongh weight, the

e wn rraswnsren v 05 D

T size or area of base may
WexWe be altered from round to
hexagon, or square, or built up straight for 2 or 3 feet from
bottom. or the weight increased in other ways—at the pleasure

of the designer.

* Pp. 60, 61, 62. t Table 23, p. 60.
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120 to 150 pounds per cubic foot is about the proper weight
for such materials as enter into foundations of this character.

They should be madé of any clean stone or brick-bats well
orouted in Portland-cement mortar, thoroughly rammed.

The ‘part out of the ground should be laid up with good-
sized blocks of local quarry stone, rough dressed, or of brick.

The poorest soil will sustain about one ton load to the
square foot of foundation area—quicksand not excepted, if it is
properly covered over and confined.

Piling, however, is often resorted to in unstable bottoms,
and along river-banks and in marshy lands.

Foundations—The following is the rule for stability of steel
chimneys and the relation to the foundation :

Find the total wind pressure on the chimney and its mo-
ment about an axis in the plane of the base of the foundation.

Find also the total weight of the chimney with its lining,
and of the foundation.

Divide the moment of the wind-pressure by the weight of
the chimney and foundation ; the quotient/will be the distance
from the outer edee at M which is the length of the lever-arm
of the combined weightsof foundation and chimney producing
equality of moments.

Should this distance be !:’ then the chimney would be just

“

. - D¥ )
stable ; shounld this distance be less than {)' then !.){ divided

by the distance in guestion may be called a factor of stability,
and consequently the less this distance becomes the greater is
the factor of stability ; this factor will never in any case be-
eome infinity (exeept in the case of no wind blowing), sinee
no  chimney and its foundation ” of given dimensions can have
an infinite weight of material.

Therefore, the heavier the combined weight of the chimney
and its foundation, the more stable the structure.

Should the distance above mentioned come within the
outer third of the width of the foundation, the chimuey is
stable. with a fair factor of safety, provided of eourse that the
chimney proper and its anchorage to the foundation have been
properly designed and constructed
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The strength obtained from the ground to support the sides
of the foundation, has been left out of our caleulation, though
the stability is increased by it. See p. 42.

For the chimney we have been considering, p. 50, using
formula 38, we have:

150 SR
(41) 150 %30 x5} % (7.} + l(')) — 9952250 foot-pounds,
where 16 feet is the depth of the foundation.
Weight of chimney is 38,000 pounds.
Weight of foundation is 400,000 pounds.

Total weicht, 438,000 pounds, then
99592950 = 438000 = 5.14, which is less than 16 = 3, or 5.33, 8O
the chimney is stable with afactor of stability of 8 + 5.14 =1.55.

For foundations on loose soils it may be found desirable to
increase the factor of stability to say 2} or 3.

If we had substituted the value of the wind moment about
an axis in the plane of the base of the chimney, as obtained
from equation 42, in place of the value obtained from 41, our
result would show a still greater stability ; this method, how-
ever, would not be strictly correct, as the depth of foundation,
which in many cases is largely above ground, is left out of the
consideration in equation 42

(42)

Diameter at base of foundation = D
Cubic feet of masonry in foundation = C.
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TABLE No. 23. 3 SEETT

Foundation
Depth.

square 2,704

square 5,100

{ sguare 15.625
23 { 3 diameter 18,500
430,304 896 square | 25,058
146330 : square 2.666
9.600
22 500
10,666
9,600
343 046
185,180
35,156
17,150

o ¢

=

sguare 632
dinmeter 1.340
square 707
diameter 676
dianeter | 27.506
diameler 6,961
square 2.250
square o83

N v

b.b—~

bt DD

O Y A e
(v R~ i 2

o UNe =1 W

Anchorage—To anchor the chimney to the fonndation, bolts
or rods are used running from a foot fastened to the bell of the
chimney through the base-plate nearly to the bottom of the K== 30" Diam—+—
masonry, terminating in a lock-nut cast-iron washer. '

7 TN 57 A = A -K——-_;

.

Ridgewood.
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—— g —— =
——‘ These anchor-bolts are both subjected to tension and shear-
: : ing, but the chimney being not very likely to slide on its foun.
dation, we neglect the shearing strain in our calculations.
As the lining of chimneys is not always in place or in good
repair, we will neglect its weight, as it cannot be eounted upon

for assistance in keeping the chimney stable.
The overturnineg moment, M, is about the circumference
of the larcest diameter of the bell-base, or on a circle whose

: : HzSw :
diameter is D, and equals, ¥ = 250;—-. The weight of the

steel shell being W, the moment of contrary effect to above,

: . D . . :
mis m—= W x 2”; which enables us to find the overturning

moment 7'= M —m.

This is the moment on the foundation bolts, which are
equally spaced in a circle, and are from 6.to 12 or even more
in number, and the calculations for the bolts are made as
follows :

10. 4 X : Considering any point in the bolt circle, the approximate
j . mean distance from the eircumference of same on a line

through the centre of the bolt circle to all of the bolts is the
radius of that circle ; and considering that one-half of the bolts
only stand the strain, we have this equation :

). : ).
L= {? % tension on bolts = [) %9000 pounds x number of
bolts x area of one bolt.

Where 2. — diameter of bolt circle,

. o DN by :
43) 7.= (f X — ) ~ = orthe moment on the foundation bolts.

Shell, 24,00016s.

For 6 foundation bolts, 7. = 27000 D). x area of one bolt.
For 12 foundation bolts, 71 = 54000 7). x area of one bolt.
In reality the mean distance of bolts from circumference in

the half circle considered is =+ o and we are considerably
— »

inside the safe limit in the former assumption.
For the application to the chimney under consideration

x 25 x 53 x 150 > 5
() ¥=2""2"7 X 150. _ 1546875.

-
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STEEL CHIMNEY AT THE RIDGE-
WOOD PUMPING STATION,
BROOKLYN, N. Y.

Buimnr By THE PHILADELPHIA ENGINEER-
ING Worgs, Lap., 1IN 1896.

The height from the ground is 217
feet, the minimum diameter is 8 feet,
and the diameter at the base is 25 feet.
It is lined with brick for one-half of its
height. There are 137 plates in the
structure, varying in weight from 800
to 1,400 pounds, and in thickness from
} to 3 inch. ~The plates are of open-
hearth steel, of 65,000 pounds tensile
strength, with an elongation of 20 to
25 per cent. in_8 inches. An iron lad-
der extends from the bottom to the
top of the shell. The chimney was
erected. in. ten weeks. The work of
erecting was done from an inside
seaffolding which was raised as- the
work progressed. The cost was about
$10,000.

ILLUS. No. 4

THEORY PERTAINING TO STEEL CHIMNEYS

Let W = 38000 pounds assumed,
45 38000 x 11
(48) 5 =225 = = 209000,
T = M — m = 1546875 — 209000 = 1337875.
1337875 % 6 e
(4‘;) IJ‘..’t 1)‘ = 12;.tl](‘ll [,. — “‘_1 } — 1520312.
DR
(47) If 6 bolts are used, area of one bolt = L.
- R 27000 x 123
square inches for present case.
L T

(48) T£12 bolts are used, area of one bolt =E£1000 % 1]
square inches for present case

Twelve bolts are the most convenient number to use, and if
the base is made in 6 sections, 2 bolts will pass through each
segment.

To ascertain the weight of the chimney, I, for the chimney
being considered, the following thicknesses from the top down
were used :

54 feet 3 ; 18 feet. ... ... inch.
30 feet........ + inech:
94 feet 5 ineh.

Base-ring.—The breadth of the basering ean be readily
determined: by knowing the pressure on the base, but it 1s
usnally proportioned according to oood practice, and with

good judgment as accompanying eonditions assist or compel

STEEL CHIMNEY, GUYED, FOR AUGER & SIMON SILK DYFING COM-=
PANY, PATERSON, N. J.

Flue 48 inches diameter by 125 feet hieh. Starting from
the Bottom with the foundation; which-is 7 feet square at the
bottom and 5 feet square at the top, 5 feet deep, 12 [inches of
which is out of the ground; the chimuey rests ona cast-iron
plate 5 feet squnare by 1} inches thick, having a rim 3 inches
hich inside of the shell of the chimney, this plate is held to
the foundation by four 1}-inch bolts 4 feet long.

The shell is madé in sections 5 feet 41 inches in height of
plate; 5 feet centre to centre of joints, eaclt vertical section
being made of one sheet.
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The lower 65 feet of the chimney is -inch thick steel ; the
upper 60 feet is J-inch steel ; the chimney has an ornamental
cap of simple design.

All joints ave double staggered riveting, 23 imches centre
to centre of rivets.
The upper end of each section is put in place inside the

lower end of the section above if.

The chimuney is supported by four gny-ropes of %-inch
erncible stesl wire, sixstrands, 7 wires to each strand, laid about
a hemp centre.—These are strongly secured to the chimuey at
about 83 feet above its base and running from it to the ground,
the ropes are made fast at about 80 feet from the base of the
chimney to anchorages made of long pieces of 6-inch pipe
placed in the gronnd at an anele of 457, 'and the pipe has long
timbers laid over/itin the frenches to give large-earth-bearing
surface.

A turn-buckle is placed in each guy-rope for adjusting the
tension of the same.

The chimney has stood well, and was erected in 1896.

A NOVEL WROUGHT-IRON CHIMNEY, CREUSOT, FRANCE.

Total heiclit, 279 feet; diameter at base; 23 feet ; diameter
at top, 7 feet 6 inches. 'Total weight, 80 tons, exclusive of ma-
sonry foundation.  The latter is carried 3 feet 3 inches above
the eround-level and weighs about 300 tons.

The shaft is snceessive rings, each 4 feet 1 inch high.
Thickness of sheets vary from % inch at bottom to 1. inch at
top.

The nine lower rings have 8 plates in each, the upper ones
4 plates.

The base is encircled by a massive angle-iron ring bolted to
the foundation.

Fire-brick lines the eicht lower rings, or about 32 feet in
height : seventy days were required for its erection including
removal of scaffolding, which consisted of a 7-inch wrought-iron
central tube provided with four cross arms of wood, made ad-
justable, resting on outer ends on plates, which arms carried the
inner platform. The upper end of tube had four similar arms,
from which was slung the exterior cireular platform, which

IR A1 4
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Details of Sheil Elevartion d&gv;rﬂrmUm X-X.
Details of Base Plate.

Redrevn frow
“ The Engineeniing Rrcank™

ILLUS. No. 5.

A 200-Foor SterL CorMyey, WILMERDING, PA.
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consisted of a pair of angle-iron rings to the outer edge of
which was riveted a plate-iron fence, while the inner part was
provided with T-iron stanchions.

Radial bearing timbers, resting on these rings, and adjust-
able endwise, to sunit the varying diameters of the chimuney,
carried the plate, from an annular space left just sufficient for
hoisting the plates.

The plates were hoisted by a rope passed over an adjust-
able pulley fixed to each jib in tum, and carried down a cen-
tral tube to-a-snateh-block fixed at the bottom of the chimney.

The complete scaffold weighed about 4 tons, the heaviest
plate about 800 pounds. Total cost of steel part of chimney
and lining was about $8,000.— Engineering News, May 10, 1890.

Westinghouse Air Brake Co.. at Wilmerding, Pa. Steel
chimney, 200 feet high; built by Riter & Conley, Pitts-
bure, Pa.

The construction is shown very fully by the illustration
on p- 67.

Tt was designed to resist-a wind-pressure of 50 pounds to
the square footyith a factor of safety of 4.

The material is punched and formed in the shops, and the

principal riveting is done in the field.
The 1adder was shipped in 15°0r 90 foot lengths. The

work was erected by using inside scaffolding, with a centre
derrick for raising the sheets, and outside cages for the work-
men which are hung on trolleys running on the edge of the
shell.

These were raised by the derrick. as each course was
added. *When the chimney was finished it was painted from
A SWing carriage suspended from the trolleys which run on
the Z bar imderneath the top ornament.

Spof—Tt is reported that soot 1} inches thick adheres to
the interior of iron and steel chimneys.
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ILLUS. No. 6.

CHIMNEY OF THE REFRIGERATING PLANT OF THE ANHEUSER-BUSCH BREWING
AssociaTion, St. Louvrs, Mo
Sterl Sheets.
Lower 50 ft.—0% inch thick.
Middle 50 ft.—1¢ inch thick
Upper 50 ft.—% inch thick
The chimney is lined with fire-brick 125 feet up.

THEORY PERTAINING TO STEEL CHIMNEYS

STEEL CHIMNEY ERECTION,

The Anheuser-Busch Brewing Association chimney, illus-

trated on the opposite page, was erected by ten men, who were
earried by means of the licht apparatus shown in this cut.

Four small angles bolted to the shell already in place, car-
ried six-inch cross timbers, which carries the platform from
which: the men work.

Double-flanged wheels running on/ the top of the sheet-
metal of the shell carried two light eages holding the riveters
on the outside.
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SELF-SUSTAINING STEEL CHIMNEY.

In the design of bases for the chimneys of this type, bell
shapes are not strictly adhered to, in some cases, steel cables
containing turn-buckles are secured to a straight steel tube at
the height of say three dianieters of the flue, and secured to
the bottom anchor-bolts as usually located for bell bases.

In other cases two angle-irons riveted with thin separators
are placed where the wire cable is located as above.

Still another method is very clearly illustrated in the cub
on page 75 ; this chimney is 164 feet high.

Still anotlier type of base is that shown in eut of Anheuser-
Busch Brewing Assoeciation chimney on opposite page, being
a square hollow=brick shaft.

[A!t/t/«’/'.,\E—L.'lddk‘l‘.\f are [)]:u'('(] either within or without nn-
lined chimneys, but always outside of lined' chimneys.

Ornamental Caps.—Ornamental caps, as in the chimneys il-
lustrated, ave best made of copper, as they are then lighter and
do not rust away as gquickly as steel or iron caps, but they are
expensive.

Ornamentation near the top of steel chimneys, at its best,
is a poor investment, and very unsatisfactory, both architect-
urally and otherwise.

Puinting—Red lead around in-linseed-oil, graphite paint,
or the best-quality of black asphaltum varnish should be used;
two coats both inside and out should be given at erection, and
one coat outside every year or two thereafter, for the proper
protection against rust, ete.

Illus. No. 8 illustrates the ceneral style of self-sustaining
steel ehimneys in’ and about Philadelphia, Pa. The following
data pertain to chimneys of this style at that place :

A chimmney 165 feet high, would be 15 feet 10 inches in di-
ameter at the bottom of the bell, tapering to 10 feet 9 inches
diameter in the straight part. Foundation would be a 20-
foot cube.

A chimney 100 feet high would be 10 feet in diameter at the
bottom of the bell, tapering to 6 feet 8 inches in diameter at a
heicht of 15 feet from the base. In first 20 feet up from founda-
tion of 3-inch steel ; the next 30 feet up, +;-inch steel, and the
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upper 50 feet of }-inch steel. The foundation would be 16 feet
high by 13 feet square.

Chimneys 100 feet high or less, are usunally lined with red
brick only to the top of the bell.

Angle-iror is often substituted at the top of the copper-
moulded eap shown

The bell is usually made in five rings of sheets 3 feet wide
plus the lap, or 15 feet high altogether; the sheets above this
being 5 feet or l; feet wide plus the lap.

Ladders are put on chimneys over 100 feet high; under
that heicht steel cable is placed over a pulley at the top, com-
ine nearly to the ground so as to be used in hoisting a man
to the top when it is necessary for painting or repair.

Chimney at the Guggenheim Smelting Company’s Works,
Perth Amboy, N. J., was 140 feet high, diameter at base 10 feet
6 inches, tapering in a height of 25 feet to 13 feet 6 inches
diameter. Shell 35 feet of L-inch steel at bottom, 35 feet
t inch steel, 35 feet f-inch steel, and 35 feet of }-inch steel
at-top. Chimney has a 83 2 5 x fj-inch ancgle band around
the top; also a Z iron band; ladder the entire height; base
plate 23 feet 11 inches diameter. This stack has 9-inch brick
lining, thus making a 12-foot diameter flue.

This chimney was built in 1898 by the Coatesville Boiler

Works.

ILLUS. No

GUUGENHEIM SMELTING CoMpany, PERTH AMBOY,
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ILLUS. No. 8

STEEL CHIMNEY AS USED IX AND ABOUT PHILADELPHIA, PA.

THEORY PERTAINING TO STEEL CHIMNEYS

DESIGN AND CONSTRUCTION OF TALL STEEL STACKS.

When the large blast-furnace plant of the Mary-
land Steel Company, at Sparrow’s Point, Md.. was de.
signed it was deemed advantageous tooperate the eight
22 x T5-foot Whitwell blast stoves. and the eight bat-
teries of Babcock & Wilcox water-tube boilers. agore-
gating 2,000 horse-powers, serving each pair of fur-
naces by means of one brick-lined steel chimney. Two
such chimneys were constructed of 13 feet 9 inches in-
ternal diameter and 225 feet in height. Set upon
masonry about 16 feet above the surface of the ground,
and standing in an exposed situation. independent of
guys or bracing. The weight of the metal in each
stack is about 77 tons, of the brick about 900 tons, and
of the masonry pedestal and foundations about 1,600
tons, making a total of about 2,600 tons, as against
7,400 tons, which a structure of the same heiecht and
internal diameter is estimated to weigh if made en-
tirely of brick, stone, and concrete.

The soil on which the chimney was constructed
consisted of compact clay, which was exeavated to a
depth of 6 feet. The first conrse of stone was laid dry
immediately on the clay. No piling was resorted to,
and the foundation was built of good MAasonry in
courses toa height of 16 feet above ground level. The
base of the stack was made 40 feet square. The load
per square foot of foundation area was thus 1.62 tons,
and no settlement or irregularity has yet been ob-
served.  The masonzy was large dimensioned stone,
quarry-faced, with dressed arrises, set in a mortar of
1 Portland cement and 3 sand. The inside of smoke
tunnels and the shaft was lined with brick offset to
form walls of diminishing thickness, decreasing every
40 feet in height by one ring of brick, or in all from
seven to) two mngs of brick.—See Kent, p. 741, for
further description.
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DESIGN AND CONSTRUCTION OF TALL STEEL STACKS.

When the large blast-furnace plant of the Mary-
land Steel Company, at Sparrow’s Point, Md.. was de.
signed it was deemed advantageous tooperate the eight
22 x T5-foot Whitwell blast stoves. and the eight bat-
teries of Babcock & Wilcox water-tube boilers. agore-
gating 2,000 horse-powers, serving each pair of fur-
naces by means of one brick-lined steel chimney. Two
such chimneys were constructed of 13 feet 9 inches in-
ternal diameter and 225 feet in height. Set upon
masonry about 16 feet above the surface of the ground,
and standing in an exposed situation. independent of
guys or bracing. The weight of the metal in each
stack is about 77 tons, of the brick about 900 tons, and
of the masonry pedestal and foundations about 1,600
tons, making a total of about 2,600 tons, as against
7,400 tons, which a structure of the same heiecht and
internal diameter is estimated to weigh if made en-
tirely of brick, stone, and concrete.

The soil on which the chimney was constructed
consisted of compact clay, which was exeavated to a
depth of 6 feet. The first conrse of stone was laid dry
immediately on the clay. No piling was resorted to,
and the foundation was built of good MAasonry in
courses toa height of 16 feet above ground level. The
base of the stack was made 40 feet square. The load
per square foot of foundation area was thus 1.62 tons,
and no settlement or irregularity has yet been ob-
served.  The masonzy was large dimensioned stone,
quarry-faced, with dressed arrises, set in a mortar of
1 Portland cement and 3 sand. The inside of smoke
tunnels and the shaft was lined with brick offset to
form walls of diminishing thickness, decreasing every
40 feet in height by one ring of brick, or in all from
seven to) two mngs of brick.—See Kent, p. 741, for
further description.
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ILLUS. No. 10.

Sreen Caniyey, ELECTRIC LIGHT AND Power Co.

. GanrreLp PARE, CHicAco, ILl.
Tux Encinccans RECORD Flue, — dianm. by 164+ feet high,
ILLUS. No. 9

SrEeL CHIMNEY, MARYLAND STEEL COMPANY.
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ILLUS. No. 12
DeTALS OF CHMNEY POR THIRD AVENUE STATION, NEW YORE CIrY.




ILLUS. No. 1L

SELF-SUSTAINING STEEL Cirusrey (WooLSON)

Dimens ons.— 10

‘hes diameter x 85 feet above founaation, 100 feet from groaad.
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The chimneys, of which there are to be four, will be con-
structed of brick to a point 102 feet above the lower boiler-
room floor, and extended 98 feet higher by self-supporting
steel stacks, making the height of the complete stack 200 feet.
The brick portion is to be built into the building and treated
as part of such, and is shown in section in illustration No. 12.
The' internal diameter is 12 feet. The lower section of the
steel portion will ke belled to 17 feet in diameter, the body
diameter being 12 feet 9 inches, and be mounted upon a heavy
cast-iron stack-plate 18 feet'8 inches in diameter. Eight steel
brackets 24 inches in height will be riveted to the first ring
to take the anchor-bolts.

The entire chimney is to be lined with ordinary brick laid
in lime mortar rendered hydraulic with Portland cement.
The top is to have a locomotive type ornament of copper
and a Z-bar painting ring. A steel ladder will run up the
outside and over the top of each stack:

The rated boiler horse-power of this station is 31.200, or
2.09 square inches of chimney-flue area per boiler horse-power.

The Metropolitan station has a single chimmney of 22 feet
diameter for a rated boiler eapacity of 21,700 horse-power, or
about 2.5 square inches per horse-power. The four chimneys
of 12 feet diameter are equivalent to one of 24 feet diameter for
a rated eapacity of 31,200 horSse-power, or about 2.09 square
inches per horse-power.

The Metropolitan._chimney * 18, moreover, 353 feet in
height, against 200 for those of the station under considera-
tion. Intensity of draft and increased capacity are obtained
in the latter instance by fans, instead of by excessive chimney
height, two fans, each capable of handling the gases from
4.000 horse-power of boilers, being/attached to each chimney.

These fans are to be eapable of producing a draft egquiva-
lent to that of a stack 500 feet in height. They are to be

overhung in heayy steel-plate - housings, the main. bearings
are to be water-jacketed, and- each fan is to be provided with a
large sliding damper, by means of which it may be isolated
from the hot gases/when not in use.— Power.

* See p. 123,
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The Pueblo, Col., chimney, p. 87, is made of the following
weights of steel plates, beginning from the top down:
30 feet of 10 pounds-per square foot, 1 inch thick.
95 feet of 13 pounds per square foot, %+ inch thick.
95 feet of 15 pounds per square foot, § inch thick, scant.
95 feet of 18 pounds per square foot, 15+ inch thick.
95 feet of 20 pounds per square foot, inch thick, scant.
Diameter of main ghell 13 feet 8 inches, enlarging at the
bottom to 19} feet diameter, with an inch of sand between the
shell and brick lining, which lining extends throughout the
chimney, leaying & flue 12 feet in diameter from the concrete
sub-base npward.
The concrete sub-base is 30 feet square by 12 feet deep.
The brick frustum of a cone 28 feet square at the bottom,
95 feet square at the top, by 20 feet high.
Flue door 7 feet wide by 16 feet high.
The approximate costs are as follows :
Steel shell erected veh  $7,000
Brick lining .. 1400
Foundation andpedestal masenry... 3,600

Total cost $12,000
Bailt by the Coatesville Boiler Works.
W. W. (s rating of this chimney is 4,186 horse-power.

Following this, we have a list of steel chimneys on page
-
9.

THEORY PERTAINING TO STEEL CHIMNEYS 79

1. Pennsylvania Railroad Company, at Jersey City, N. J., built
1892.
Base-plate, cast iron.
Flue, 4 feet 8 inches in diameter by 125 feet high.
{.lil)l’l' half of shell, }inch steel.
Lower half of shell, J%-inch steel, except bottom sheet of
-g-ilu']l steel.
Diameter outside at bottom, 12 feet 6 inches.
Diameter outside at top, 6 feet 10 inches.
Lined throughout with 12 inches of brickwork.
Vertical seams—rivets, §-inch diameter, 3-inch pitch.
Horizontal seams —rivets, §-inch diameter, 3}-inch pitch.
2. Cleveland Electric Illuminating Company, Cleveland, O.
Lined chimney, 11 feet 6 inches diameter by 225 feeb
high.
(SL‘(‘ jlv/lgzhnu 1'1711(] ]u’ecvrrt_l, vol. XXXV, P. 386.)
3. Westinchouse Air Brake Company, Wilmerding, Pa.
Flue. 11 feet 6 inches diameter by 200 feet high. (See
description and eunt, pp. 67 and 68.)
4. Bronx Company, Bronxville, N. Y.
Elue, 4 feet 6 inches diameter by 100 feet high.
5. Hartford Street Railway Company, Hartford, Conn., and
6. Manhattan Street Railway Company, Brooklyn, N. Y.
Height, 165 feet.
Diameter at top, 10 feet 9 inches. :
Diameter at bottom of bell, 15 feet 10 inches, tapering
to 10 feet 9 inches in straight part of chimney.
The foundation is a 20-foot cube.
7. Burden Tron Company, Troy, N. Y.
6 feet 3inches diameter; 150 feet high.
8. Rideewood Pumping Station, Brooklyn, N. Y.
8 feet diameter by 217 feet high. (See deseription and
cut, p. 64.)
9. Potomac Light and Power Company, Washington, D. C.
9 feet diameter by 200 feet high.
10. City and Suburban Railway Company, Baltimore, Md.
Two chimneys, 11 feet diameter by 118 feet 9 inches high.
Two stacks are provided, one for each 2} batteries. These
stacks are of steel plate, lined with fire-brick. The metal
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stacks rest upon brick piers 18 feet square, of sufficient
height (21 feet.6.inches above the boiler-room floor) to take
in_brick smoke:flues, thus avoiding any cutting of the
metal stack, which is weakening and also an unsatisfactory
detail to some designers.

The stacks are 11 feet in diameter by 118 feet 9 inches
high above the top of the brick pier. The lower section
of 14 feet 3 inches is cone shaped, 15 feet 2 inches in diam-
eter where it rests upon the brick pier. The base plate
is of heavy cast iron, anchored to the pier with seven 2 inch
bolts each 24 feet 6 inches long, built into the pier with
large anchor-washers’; these bolts are up-set 21 inches for
the nut.

The - cone-shaped section is § inch  thick, and the
heights of the ofher sections and the thickness of the steel
are as follows: second, 15 feet, % inch thick; third, 15
feet, 3 inch thieck; fourth, 15 feet, 1% inch thick ; fifth, 20
feet, & inch thick; sixth, 20 feet, finch thick; balance,
33 feet 9 inches, + inch thick. Around the top is riveted
a heavy angle-iron stiffening.

_ (Qleveland Rolling Mill, (Cleveland, Ohio.

11 feet diameter by 190 feet high. (See description,
p. 83.)
 Past/ Boston Blectric, Railway Power Station, Boston,
Mass.

5 feet diameter of flue by 130 feet high.

Outlet for furnaces of 4 Corliss boilers with a total of
8.672 square feet of heating surface. (Engineering Lecord,
November, 1894.)

. Qreusot, France:

7 feet 6 inches diameter by 279 feet high. (See descrip-
tion, p. 60, Engineering News, May 10, 1890.)

. Maryland Steel Company, Sparrow's Point, Md.

13 feet 9 inches diameter by 225 feet high. (See descrip-
tion and cut, pp. 73 and 74.)

5 Hartman General Electric Company, Duluth, Minn.

7 feet 6 inches diameter by 200 feet high.
_ Etna Iron Works, Ironton, Ohio.
9 feet diameter by 200 feet high. (Built in 1874.)
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7. East River Gas Company, Long Island City, N. Y.

6 feet diameter by 150 feet high.

. United Glass Company, Chicago, 111

6 feet diameter by 125 feet high.

. Aspinook Company, Jewett City, Conn.

6 feet diameter by 100 feet high.

. Consolidated Gas Company of New Jersey, Long Branch,

N. J.

Not lined: 5 feet diameter of flue by 130 feet high, built
in 1896.

. Consolidated Gas Company of New Jersey, Long Branch,

NLJ.
6 feet diameter of flue by 120 feet high, built in 1897.

2. Arnold Print Works, North Adams, Mass.

Built in 1896. 42 inches diameter by 100 feet high—
guyed.

_ Arnold Print Works, North Adams. Mass.

60 inches diameter by 130 feet high—guyed.
Arnold Print Works, North Adams, Mass
88 inches diameter by 128 feet hich—guyed.
Of the latter the lower 23 feet is #-inch steel,
the next 50 feet is &-inch steel,
the upper 55 feet is  4-inch steel.
Base-plate is of cast iron, 14 feet diameter, 23 inches
thick: with a shoulder-ring 3} inches high by 2 dnches
thick to =o inside of the chimney, and with rivets through
same.
Total weight of chimney and base-plate, 22 tons.
Throngh the base-plate were eight 1i-inch bolts for
anchorage
Each of these chimneys was erected in one piece.
(Power, Noveniber, 1896.)

. Darwin and Mostyn Iron Company.

Heicht above foundation, 260 feet.

Depth of foundation, 15 feet.

External diameter at base, 27 féet 6 inches; external
diameter at top, 11 feet.

Weight of chimney with foundation, 1,100 tons ; weight
of equivalent brick chimney, 3,000 tons.
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. Kineshmia, Russia.
170 feet high.
. Middlesberough, England.

165 feet high.

8 _Gottiried Brewing Company, Chieago, T11.

Outside diameter 9 feet 5 inches by 175 feet ; lined.

Steel varies in thickness from 5 inch at the top to §
inch at the bottom.

The lower 75 feét is lined with fire-brick 8 inches
deep, formed to fit the shell; above this, is a hollow-tile
lining.

The lining is supported at intervals of 25 feet by an
ancle-iron riveted to the shell.

The foundation iswone layer of cemernt, then two layers
of steel rals.in cement, then one layer of I'beams, on
which the cast-iron base-plate rests.

This ¢himney furnishes draft to 12 boilers, 60 inches
diameter by 20 feef long. )

99. Straight-Line Engine Works, Syracuse, N/ Y. .

Unlined..of No. 10 iron, self supporting ; 79 feet high.

38 inches diameter at top; and 40-inches at bottom. |

Tt has stood gales which demolished laree trees, and 18
built with the-top end of the first piece outside of the
Bottom/ end of the piece above. (Fower, December, 1896.)

30. Toledo Traction Company, Toledo, Ohio. .

Lined with fire-brick and tile; self-supporting.

Flue 13 feet inside diameter by 213 feet high. :

Furnishes draft for four 300 horsepower Sterling
boilers. . .

Furnishes draft for four 200/ horse-power ”t?]llt‘..})ﬂll'ﬁl‘s.

To ran fourl,200indieated lm]‘n»pm\'«-r(irw:n.\\ heeloeck
engines. - :

Thirteen pounds steam per indicated lmrsc—lxo\\'er is
cuaranteed. (Flectrical Engineer, January 6, 1897.)

31. Schneider’s, (C'reusot. France. ; .

Top diameter, 27} inches, by 98 feet '(3 luc]ws_ high. |

Tiondon Fngineering, p: 419, 1898, gives an 1llus‘tmtmn
of these vhilulm-‘\'s. or one of them being erected in one

piece.
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2. Dublin (Ireland) United Tramways Company-

2 steel-lined self-supporting chimneys, 10 feet diameter
by 200 feet high, on brick bases, which are 26 feet high.
Total height of chimney, 226 feet.

. Metropolitan Street Railway Company, Kansas City, Mo.

Self-supporting steel chimmney ; flue, 8 feet 4 inches di-
ameter by 175 feet high ; shell, 10 feet 6 inches diameter.
(EZngineering News, April 8, 1897.)

. Edison Lighting Station, New York City.

Two steel-lined chimneys.

Flue, 12 feet diameter by 139 feet high, from ceiling or
base to top.

The upper 74 feet 9 inches is self-supporting, the cast-
iron base of which is secured by eight 1i-inch anchor-bolts
passing down 32 feet in wall.

The Frgincering Record, vol. xxx., p. 44, contains a detail

cut of thesecchimneys, showingawveryingenious expansion-
joint, at the place where cast-ironcap above-mentioned is set.
. Elevated Railroad Company, Chicago, Tl
Self-supporting steel chimney.
Flue, 5 feet diameter by 120 feet high, lined.
To furnish draft to three 150 horse-power Heine boilers.
. Cleveland Rolling Mill Company, Cleveland, Ohio. En-
gineers and econstructors, Messrs. Witherow & Gorden,
Pittsburg, Pa;; built September, 1881. About 50 days were
occupied in its erection, apart from the building of the
foundation proper.
Dimensions.
Height, meluding foundations 3 feet 6 inches.
Height, from ground line to top 90 feet 0-inches.
Height of Dell-shaped base 21 feet: 0 inches.
Outside measurement of foundation 30 feet 6 inches.
Outside diameter at foot of bell-base.. ... feet 2 inches.
Outside diameter at top of bell-base 3 feet 0 inches.
Outside diameter at top feet 0 inches.
Internal diameter throughout feet 0 inches.
Foundation.—Stone, laid in cement, and is sitnate in what is
termed the “ Bettom,” next to' Cuyahoga River, where the
ground is all of alluvial formation. For such a load as this
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chimney the foundation required close piling ; the piles were
driven 23 feet to 24 feet in depth, and almost in contact with
each other; through the stone foundation eight 2i-inch bolts
were passed, connécting a ¢ircular cast-iron foundation-plate of
T-séction, 18 inches by 8% inches at bottom of stonework, to
Similar casting upon the tep of stone foundation ; this top cir-
culay ring or base-plate is formed with a projecting flange
placed at an angle, of sixty deerees to reéceive plates forming
bell-shaped base, 2 feet above ground.

Construction.—The ehimney was construeted by inside scaf
folding, and’ built/up one plate high at atime; the workmen
haneing what is called a *cage ™ on| the plates, to serve as a
stand for the *° holder on ” while l'i\'(‘-{ill;_" the [nl;lh‘.\' in st

Bell-shaped  Base.—The plates forming the, base are bolted
to the flange’ of éhimmey base-ring by #-inch bolts, and when
completed to a heiglit of 21 feet form a bellshaped base 21 feet
2 inches diameter at bottom, and 13 feet 6 inches at top.

Shaft.—From the top of bell-shaped base the wroughtiron
outer casing is continued to height of 21.f¢et from below top ;
from thigpoint the cap is formed as shown'in drawing.

Rivets and- Riveting=— The plates_are all riveted together
with a lapof two inches ; the constructors used conical shaped
rivet-heads. and the diameter of rivets for this class of work is
asnear as possible twice the thickness or upward of plate,and
the pitely of rivets is|5 diameters.

Ladder—A wrought-iron ladder is fixed to the ontside

Fire-brick Lining—A five-brick lining was built up through
the entire height of the chimney, commencing at junction of
flues at foundation with a thickness of 18 inches, and finishing
at top & inches thick The internal diameter, when finished
with linine s 11 feet, and constant throughont 1ts height ; the
radiated fire-bricks were of five sizes, purposely made.

Stability.—The chimneys built on this plan are caleulated to
withstand 50 pounds wind-pressure per square foot w ith safety ;
the constructors say the elimate of Americais dry, and no doubt
better for such structures than the climate of Enclandy; they be-
lieve that no one alive at the present time will see the end of a
wroueht-iron chimney, lined with brick; the oldest onesin Amer-
jca show no material deterioration. Cost, complete, $13,000.

CHAPTER VII

BRICK CHIMNEYS—THEORY PERTAINING TO SAME, AND
EXAMPLES FROM EXISTING STRUCTURES

RULES FOR BRICK CHIMNEYS.

MoresworTE'S © Pocket Book” gives the following: “Pi-
ameter outside of the base, not less than one-tenth the height ;
batter of outside, 0.3 inch per foot; thickness of brickwork,
one brick from top to 25 feet down ; one and one-half brick
from 25 feet to 50 feet, ete. If inside diameter exceeds 4 feet
at the top, the top thickness should be' one and one-half
bricks : if less than three feet it may be one-half brick for the
first 10 feet down.”

The Metropolitan Board of Works Rules for furnace chim-
ney shafts contain this : Brickwork should be at least 8% inches
thick at the top. and for 20 feef below, and must be increased
41 inches every 20 fect of additional height measured down-

ward. There should be no cornice or projection of more than
8} inches at the top of the shaft. :
Lane oives for thickness of upper wall of chimneys:
If built. of ring stone, at least 7.08 inches.
If built of bricks, at least 9.84 inches.
For quadrangunlar chimneys, § brick thickness may be used
in upper section, but the chimney must then be built from the

exterior, and well braced by scaffolds.

The more steam there is contained in the smoke gases and
the cooler they are, the larger the thickness of the upper wall
should be chosen.

The old rule that the npper wall thickness should be of
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bricks : if less than three feet it may be one-half brick for the
first 10 feet down.”
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thick at the top. and for 20 feef below, and must be increased
41 inches every 20 fect of additional height measured down-

ward. There should be no cornice or projection of more than
8} inches at the top of the shaft. :
Lane oives for thickness of upper wall of chimneys:
If built. of ring stone, at least 7.08 inches.
If built of bricks, at least 9.84 inches.
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the clear width given too thin walls for narrow chimneys, and
too thick ones for wide chimneys.

Rather S, = 0.10+0.05 , +0.0005 H (in metric system).
Answer in meters

Se= 3937 +0.05 d,+0.0005 77 (in United States measure).
Aunswer in inches

S, =thickness, d, = clear inside diameter at top, H—=

height of chimney.

The author would advise making the lengths of each vary-
mg thickness 20 to 30 feet,* with an outside batter of 1 in 30
to 1 in 36, and'also running the inner core to within a few feet
of the top, but not to connect it with the outside shell ; in all
cases calculate each section for stability, which will also aid
in determining the thickness of brickwork.

One aunthority suggests for a brick chimney 100 feet high,
an outer shell in three steps, the first 20 feet, 16 inches thick;
the second 30 feet, 12 inches thick ; the third 50 feet, 8inches
thick—all minimum thicknesses ; batter no less than 1 in 36
to give stability. The core should be in three steps of equal
height, 12, 8, and 4 inches thick.

Brick chimneys should not be connected in a structural
manner with any other structure, owing to both their swaying
motion and expansion by heat. A chimney near Marseilles,
115 feet hizh, was observed to oscillate one foot eight inches;
when' a sudden gust of wind struck the shaft it would vibrate
four or five times before coming to rest. Excessive oscillations
are frequently prevented by loading the cap.

CHIMNEY DESIGN.

M. Bassine—FEngineering News, April 22, 1897, p- 247—con-
siders a chimney as a vertical beam fixed at the base, and thus
determines the limiting eonditions of pressure and tension in
the different horizontal sections. He recommends an exterior
profile with a batter ranging from 331 on 1 to 25 on 1, and
divides the vertical height into sections of from 16 to 20 feet
each, with ‘the thickness of wall constant for each section, and
decreasing by 13} to 2} inches in each ascending section. . He

* For chimneys built of common red brick.
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prefers an octagonal base with a height equal to one-fifth of
the height of the chimmey. The foundation should be a trun-
cated pyramid with a square base, and sides inclined at an
angle of at least 45 degrees. The length of the sides of the
foundation should vary between 4 and { of the height of the
chimney.

Stability—Rankine says: “It had been previously ascer-
tained, by observation of the success and failure of actual

chimneys, and espeecially those which respectively stood and
fell during the violent storms of 1856, that in order that a
round chimney may be sufficiently stable, its weight should be
such that a pressure of wind, of about 55 pounds per square

foot of a plane surface, directly facing the wind, or 274 pounds
per square foot of the plane projection of a cylindrical sur-
face, . . . shall not cause the resultant pressure at any
bed-joint to deviate from the axis of the chimney by more
than one-quarter of the outside diameter at that joint.”

The angle of repose for dry masonry and brickwork is 31 to
35 decrees, and the coefficient of friction, 0.6 to 0.7 ; the coeffi-
cient of friction for masonry on dry clay is 0.51; the coefficient
of friction for masonry on wet clay is 0.33.

Rankine says: “Towers and chimneys are esposed to the
lateral pressure of the wind, which may be assumed to be
horizontal, and of uniform intensity at all levels.” The in-
clination of the surface of a tower or a chimney to the vertieal
is seldom sufficient to be worth taking into account, in de-
termining the pressure of the wind agamst it.

The greatest intensity of the pressure of the wind against a
flat snrface directly opposed to it, hitherto observed in Great
Britain, has been 55 pounds per square foot. Note, see p. 31,
St: Touis, Moy, chimney in tornado; and this result, obtained
by observations. with anemometers, has been wverified by the
effects of certain violent storms in destroying chimmneys and
other structures.

In anv other climate, before designing a structure intended
to resist the lateral pressure of the wind, the greatest in-
tensity of that pressure should be ascertained either by direct
experiment, or by observations of effectsiof the wind on previ-
ous structures.
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The total pressure of the wind against the side of a eylin-
der is about one-half the total pressure against a diametral
plane of that cylinder.

Let Fig. 1 represent a cliimney of any section, and let it
be required to determine the conditions of stability of a given

Fic. L

bed-joint DE. Let A4 denote the area of a diametral vertical
section of the part of the chimney above the given joint, and p
the greatest intensity of pressure of the wind against a flat
surface.

Then the total pressure of wind against the chimney will
be sensibly :

P = pA for a square chimney ;

I) —- ])‘

5

for a round chimney ;*
P. =& pAfor a hexagonal chimney;
P = 0.7 pA for an octagonal chimney ;

and its resultant may, without appreciable error, be assumed
to act in a horizontal line through the centre of gravity of the

*In Germany P =p 2: is used for round chimneys. The most dangerous wind direction for

polygon cross-sections is *“ across corners,” because the edge tension becomes the greatest for
this direction.

ILLUS. No. 16.

Dogsox & Barrow CHiMxEY, BoLTOoN, ENGLAND

36714 feet high.
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vertical diametral section (. Tet H denote the height of that
centre above the joint 2F ; then the moment of the pressure is

H x P = HpdA for a square chimney ;
>

A -
H x P = Hp— for a round chimney ;

)
-

H x P = Hp3A for a hexagonal chimney ;
3 : Y 5

H x P = Hp X 0.74 for an octagonal chimney ;
and to this the least moment of stability of the portion of the
chimney above the joint JF should be equal.

For a chimney whose axis is vertical, the moment of stabil-
ity is the same in all directions.

Jut few chimneys have their axes exactly vertical, and the
least moment of stability is obyviously that which opposes a
lateral pressure acting in that direction in which the chimney
leans.

Let G be the centre of gravity of the part of the chimney
which is above the joint DFE and B. a point in the joint DE
vertically below it ; and let the line DE = ¢ represent the di-
ameter of that joint which traverses the joint 5. Let ¢’ repre-
sent the ratio which the deviation of B from the middle of the
diameter D F bears to the length £ of that diameter.

Then the least moment of stability is denoted by

49) Wx BF=(¢g—q) Wi

The value of the co-efficient ¢ 18 determined by considering
the manner in which chimneys are observed to give way to the
pressure of the wind.

This is generally observed to commence by the opening of
one of the bed-joints, such as F at the windward side of the
chimney.

A erack thus begins which extends itself in a zig-zag form
diagonally downward along both sides of the chimney, tend-
ing to separate it into two parts, an upper leeward part and a
lower windward part, divided by a fissure from each other.

The final destruction of the chimmney takes place, either by
the horizontal shifting of the upper division until it loses its
support from below, or by the crushing of a portion of the
brickwork at the leeward side, from the too great concentration
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of pressure upon it, or by both causes combined ; and in either
case the upper portion of the structure falls in a shower of
fragments, partly into the interior of the portion left standing,
and partly on the ground beside its base.

Lt is‘obvious. that, in order that the stability of a chimney
méiy be secure, no bed joint ought totend to open at its wind-
ward edee: that is to say, there ought to be some pressure at
every point of each bed-joint; except the extreme windward
edge, where the intensity may diminish to nothing ; and this
condition is fulfilled with sufficient accuracy for practical pur-
poses, by assuming the pressure to be an uniformly varying
pressure, and so limiting the position of the centre of pressure
F. that the intensity of the leeward edge, £, shall be double
the mean intensity:

Chimneys i1y general consist of a hollow shell of brickwork,
whose thickness is small lcompared with its diameter and in
that ease it is sufliciently- accurate for practical purposes to
aive ¢ the following values:

For(square chimneys, ¢ =1 ;

For round chimneys, ¢ =% ;
1 Moment of Inertia.
Forether shapes,; ¢ — : v
oFe

F'= avea of section.
e — distance of outer fibre from neutral axis.
The followine eeneral” equation, between the moment of
stability and the moment of external pressure, expresses the
¢ondition of stability of a chimney :
(50) HP = (g —¢) Wi

This becomes. when applied to square chimneys;
G1y Hpd =G —79q) Wi;

and when applied to round chimneys;

A

)

“

(52) - — (1 — g ) WE

The following approximate formule, dedueed from these
equations, are useful in practice :

Let Bbe the mean thickness of brickwork above the joint

ILLUS. No. 17.

A Brick CmivNey Stacing. CHiMyey—ProMe & ATwoop MANUFACTURING

Company, Taoxasraon, COSN,

1, i) feet onitsl le diameter attop
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DE under consideration, and b the thickness to which that
brickwork would be reduced if it were spread out flat
upon an area equal to the external area of the chimney.
That reduced thickness is given with suflicient accuracy by
the formula :

/}')_

(53) b= /:(1 =

but in most cases the difference between b and B may be
neglected.

Let 20 be the weight of a unit of volnme of brickwork :
being on an average 112 1bs. per cubic foot, or, if the brick are
dense, and laid very closely, with thin layers of mortar in the
joints, from 115 to 120 lbs. per cubie foot should be used. Then
we have approximately

(54) AHorsquare chimneys; W =—=4wbAd ;
Hi

(55) for round chimmneys, W = 3.14wbA ;

which values, being substituted in previous equations, give
the following :

for square chimneys, Hp = (4 — 49) wht ;
for round chimmneys, #p = (1.57 — 6.28¢") wbt

These formul®e serve two purposes, first, when the greatest
intensity of the pressure of the wind, p. and the external form
and dimensions of aproposed chimneyare given, to find the
mean reduced thickness of brickwork, b, required above each
bed-joint, in order to insure stability ; and secondly, when the
dimensions and form and the thickness of the brickwork of a
chimuey are given, to find the greatest intensity of pressure of
wind which it will sustain with safety

The shell of a chimney consists of a series of divisions, one
above the other, the thickness being uniform in each division,
but diminishing upward from division to division. The bed-
joints between the divisions where the thickness of brickwork
changes! (including the bedijoint at the base of the chimney)
have obviously less stability than the jintermediate joints;
hence it is only to the former set of joints that it is necessary
to apply the formulz.
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Another generally accepted equation and statement in rela-
tion to the stability of a brick chimney-shaft is: that the total
wind pressure against a chimney multiplied by one-half of the
heicht of the chimney divided by the weight of the shaft-above
the section considered should be equalto or less than one-sixth
of the outside diameter at the section considered. If } then
flie maximum pressure at any point in' the circumference will
be double the average pressure.

Rankine's caleulations upon the stability of the outer core
of a 455} feet-chimney at Glasgow, Scotland,* are as follows:

Fifty-five 1bs. is-but 4 1bs. above the hichest noted wind

pressure inthe west of [England.
The external diameter of the foundation of this chimney is
50 feet.
GENERAL NOTES.
Muterial.—All material entering into the construction of a

chimney, ats connections, and foundafions should be of the

Lest obtainable of theit respective kinds.' This applies even
more foreibly to steel chimneys.

Foundations for brick chimneys should be laid
is built to allow the
after this the shaft

Progress
up a month before the superstructure
mortar to.set thoroughly, and harden ;
<hould be erected at from three to five feet of height per day,

and the walls should be trued up or plumbed every three feet

in heicht with the greatest care.
Weather—Brick chimneys should be commenced and fin-

» The foundation of this chimney has a depth of 20 feet and a dismeter of 50 feet.

N. H.

MANCHEBTER,

PUMPING STATION, WATER WORKS,
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ished in the spring or summer months ; take advantage of fine

days, and do not lay brick at frosty or freezing temperatures.

Bonding.—In England some chimneys are laid up in Flem-
ish Bond : some in half brick bond, twice as many stretches as
in Old English Bond. In the United States a great many
chimneys are laid up in a bond made of one conrse of headers
to five or six courses of stretchers, as shown.

Often in laree brick chimneys, an iron band or hoop, such
as 1 by 2 inch or 3 by 3 inch T-iron is laid within the brick wall
at intervals of three to five feet, having a continuous circum-
ference, which is very good practice when the walls are over
eight inches thick.

Flemish Bond Old English Bond.
(] Row F feade

£ Rwes 5; .
V5 Rows Stre; 2 Fows Strerchers.

e
= =" |
e e B I Eee
i _lTJ T’ﬁ‘L_LF‘L‘
= Old English Bond.
Usual Bond.

Mortar—Tt is customary in brick chimneys to use a lime
mortar for the inner shell until within a few feet of the top,
where cement mortar is used because of its strength of adher-
ence < the outer shell being laid-ap in mortar of lime, cement,
and sand

The practice of someéngineers is to build aring of chimney
about eicht feet high laid up in cement mortar, alternating
with a similar ring laid up in lime mortar, thereby gaining
oreater strength and tenacity.

Chimnevs which ‘are nsed to conveyithe gaseous products
of chemieal reactions ave laid their whole height in cement
mortar- the interior surface of the flue laid up as true and
smooth as it is possible to make it, and all joints entirely filled.
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English refuse-destructor chimney constructed for the
Hornsley Local Board (England) for use in connection with its
sanitary depot for treatment of house refuse.— American Gas

I,Q//lf Jouwrnal.
Principal  Dinensions.
Feet. Inches,

Total height, bottom of foundation to'top of capping 244 0
Height from ground line to top eapping 217 0
Outside diameter at cround surface 18 3
Inside diameter at ground surface 12993
Outside diameter at top, under capping 8 6
Inside diameter at fop, under capping SO G

The bricks used inits construction were good London stocks,
9 by 4} by 2% inches, and the work throughout is laid in Eng-
lish bond, with Dorking lime mortar in the proportion of three
Thames sand to one of lime.  No gronting was used in any part
of the construction. The foundation bed is elay, 27 feet below
ground line. On this a block of conerete was formed, 39 feet
square, and 16} feet deep, composed of six parts Thames
ballast to one.of Portland cement.

The brick foofings in the cement are 33 feet square at base,
and built up to ground line, which is 10 feet 6 inches from top
of concrete bed, with regular offsets of 2} by 62 inches.

The shaft proper, starting from top of footings, is built up
in six seetions, commencing at the base :

Inches Bricks.
0 by 4
6 l)_\' 31
6 by 3
Fourth section.... 0 by 21
Fifth section..... 0 by 2
Sixth section. ... 0 /by 13
Seventh (cap) S L 0 by 2
0
The cap portion, which is constructed in white-glazed and
blue Staffordshire bricks,is ornamented with a eircular cast-
iron capping weighing 2,200 lbs., cast in six segments, and
bolted together by internal flanges, and forms a very good
finish to this tall shaft.

LLLUS. No. 19.

Quees LANE PUuMPING STaTioN, PHILADELPHIA, P2
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A fire-brick lining, or inner shaft, is built up fo a height of
60 feet, the lower 30 feet in 9-inch, and the upper in 43-inch
work set in fire-clay.

An annular space of 15 inches is left at the base, between
the fire-brick lining and the main shaft, to admit of expansion
in the fire-brick.

The top of lining nearly touches the main shaft, which is
corbelled over to fire-brick lining to prevent any deposit ac-
cumulating in the annular space.

(ast-iron inlets 9 by 6 inches are provided at ground level
to admit cold air, and to prevent the inrush striking the fire-
brick lining ; a 41-inch brick pier, 2 feet high, is built between
the two shafts.

Two rings at the base and one toward the top, of hoop-iron
bonding, & by 13-inch, are built in main shaft, about every 3
feet 6 inches in height.

The connection between flues of boilers and furnaces with
main shaft is made by an arched flue opening, 9 feet by 3 feet
3 inches at the base, and a soot door is also provided, whereby
aceess can be obtained tothe inside of shaft when required.

The time occupied in building this shaft was a little over
five months, commencing in July and finishing in December,
1888.

The bricklaying was continued all through the foggy weather
in the latter month, although the workmen eould not see the
ground through thefog below.

A lichtning conductor is fixed to the shaft, composed of two
copper tapes or bands; 1} by } inch, winding spirally around
the outer circumference to underside of cap, where they are
connected. to-a ring encireling the shaft, and from thence to 6
copper rods, 1-inch diameter, which are carried to a height of
4 feot above the cap; and-the rods terminate with erow-feet
ends. The tapes are joined at a distance of about 40 feet from
the base. north of the shaft, and 18 feet below the eround level,
and terminate in a copper earth-plate 3 feet by 2 feet by 4 inch.

Outside scaffolding was used; and no accident whatever oc-

curred during the constraction. | The'shaft forms'a conspicuous

landmark to the surrounding locality, and dwarfs all other sim-

ilar structures for miles around.
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Queen Lane Pumping Station, Philadelphia, Pa., com-
pleted in 1896, is a brick chimney with a very elaborate exte-
rior casing, as may be seen-from the engraving shown.

The flue is 12 feet in diameter; perfectly straight.

Height, 200 feet above ground.

The foundation is 24 feet below grade level, and its bottom
course 37 feet square ; the base of chimney above grade is 24
feet square.

¥ Copper
Covering C-

)

Vertical Sectien

Redramn fram
*The Engineening Record ™

'/ m: Lodder Rungs
Section A-A.
ILLUS. No. 20.
QuEEN LANE PUMPING STATION, CHIMNEY SECTIONS.
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BRICK CHIMNEY AT IMPERIAL: FOUNDRY
NEAR FREIBURG, IN SAXONY.

Flue 453 feet high, with an interior or flue-
diameter of 15 feet 9 inches. Projected and
designed by Engineer Huppner, it is built on
the right bank of the river Mulde, on a hill
which rises 259 feet above the ground on
which the furnaces stand, so that the top of
the chimney will be 712 feet above the works.

The base is 39 feet 4} inches squnare, and
28 feet 6 inches high, and af its top the chim-
ney proper begins.

The works being on the left or opposite

bank of the river, the flues runnine from the

furnaces ave carried aeross on a bridee builg
for the purpose, and then up the hill to the

point where they enter the chimney.

The total length of these flues or ducts is
3,228 feet.

The chimney is built of brick entirely,
and cost $40,000.—Pailroad -and FEungineering

rf(lll/‘lt(l/.

ILLUS. No. 2L
OKE. NEAR FREIBURG, IN SAXONY:

- -
RovAL Saxony Suenrisa WORKS, OF Hn,.\gm a=n
Height, 460 feet ; internal top diameter, 8 feet 4 inches.

Built by H. R. Heinicke
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Brick CHIMNEY,

4 feet diameter by 1=
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EDISON  ELECTRIC TLLUMINATING
CO., PATERSON, N. J., 1896.

Flue, 10 feet diameter, 225 feet high ; cal-
culated for 4,000 boiler horse-power.

The smokestack 1s the highest but one in
the State of New Jersey, and its construction
deserves special attention. The height from
the foundation to the top is 235 feet, with a
10-foot flue, and its diameter at the base is 22
feet ; the other dimensions will he found in
the detail drawing, Fig. 9. The foundation
on which it is builtis piling driven into the
earth and over this is laid 5 feet of concrete
The chimney is double walled for 130 feet
9inches, and at every 15 feet a w roucht iron
ring i& set into the brickwork, in this way
bonding: the chimney together. There were
900,000 bricks used in the construction of
this chimney, and an electric hoist was used
durine its construction, no outside staging
whatever being employed. The material
was heisted on the interior of the chimney.

I ‘their old plant theé ecompany msed an
octagonal brick chimney ; flue, 8 feet diameter
by 200 feet high ; calculated for 2,500 boiler
horse-power, and it is reported to have fur-

nished draught for 5,000/1bs. of coal per hounr:

I[LLUS. No. £

5.

Epison ELecrric LLLuMINATING CoMPANY, PATE i, N
LUMINATING ConMPANY, PaTERSON, N. J.
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Amoskeag Manufacturing Company, Manchester, N. H.
Architect, George W. Stevens; Steam Engineer, Charles H.
Mannine ; builders, Amoskeag Manufacturing Company.

Deseription.—Circular brick ; built 1883; 60 days occupied
in construction.

Dimensions.
Feet. Inches

Total heicht, including foundations . 265 0
Height from ground line to top -.. 255 0
Outside measurement at foundation 25 8
Inside measurement at foundation 19 8

Outside diameter at ground surface 25
19

2

12

Inside diameter at top 10
Thickness of brickwork at top 1

Foundation—The shaft is founded on a bed of ledge. No
concrete used.

Pressure—On foundations (as given by the firm) is 10,220
1bs. per square foot.

Bond—Headers every tenth course.

Batter—1 in 40.8.

Brieks—1,000,000 common bricks used in construction.

Weight.—2,330 tons.

Scaffold—Onutside scaffold nsed, costing $750.

Duty.—This shaft was designed to burn 18.000 1bs. of an-
thracite coal per hour. It carries off the fumes from sixty-four
boilers = 8,400 horse-power. The company chiefly manufact:
ure ginghams, ticking, and fancy shirtings.

Luner Shuft—The ehimney has an inner shaft of 10 feet
internal diameter.

Lightning Rods.—Wrought-iron ; costing $95.

Cost.—Complete, $16,000.

Merrimack - Manufacturing Company, Lowell, Mass. En-
gineer, J. T. Baker, C. E.; chimney built 1882.

Deseriplion.—Circular brick shaft, with inner shaft and
core.
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Dimensions.
Feet
Height above ground line 282
Onutside diameter foundation 30
Outside diameter 2 feet 6/inches above ground 28
Inside diameter 2 feet 6 inches above eround. . . . 12
Inside diameter at top 12

Foundation.—The chimney is founded on a ledee of sand-
stone.. The foundation, 30 feet in diameter, is built of cranite
blocks, laid on-theirnatural beds. At the surface of the ground
there is a dressed granite base 2 feeti 6 incheés in‘heieht. laid in
clear Portland cement, the remainder of the foundation being
in Rosendale cement and sand.

Upon this base is placed the brickwork, consisting of three
cylinders, as follows:

Outer Shart—Batter, 042 inches per foot, for a height of
100 feet.

First section... 751 feet high, 28 feet diameter 24 inches thick.
First section.. . at junction of innershaft. ... 361 inches thick.
Second section 60 feet high. 20 inches thick.
Third section.. 70 feet high. ..v.4. 16 inches thiek.
Fourth section 74 feet high, including eap.. 12 inches thick.

2791 high above granite base.

Inner Shaft—Nertical, 18 feet diameter; 75} feet high ; 8
inches thick.

At this height the inner shaft connects with the exterior
brickwork, making the masonry at that point 361 inches thick,
as above.

Lining or' Core—Uniform inside diameter, 12 feet.

It is entirely separate from the outside masonry, except the
doorways and flue-openings, and is built up as follows :

First section.... 100 feet high, 16 inches thick.
Second section. . 60 feet high, 12 inches thick.
Third section.... | 90  feet high, 8 inches thick.
Fourth seetion..” 291 feet hich, 4 inches thick.

2791 feet high above granite base.

THEORY PERTAINING TO BRICK CHIMNEYS 103

Construction—The core was laid in mortar of lime and sand -
the outside shell in lime, cement, and sand.

Ladder and Lightning Conductor.— On one side of the
chimney is a ladder of iron extending from the ground to the
top, and on the opposite side is a £.inch galvanized iron-wire
rope, both ladder and rope being connected with a copper ring,
having four spurs, the central point of which extends 8 feet
above the top of the shaft. The bottoms of both ladder and
rope are connected to a 16-inch water-pipe.

Duty—Two wronght-iron flues enter the chimney

J

one o

feet by 6 feet, and the other 5 feet by 11 feet. The chimney is
constructed to provide for 15 sets of boilers ; only 12 are now

in use. Hach set has 103} square feet of grate surface, and is
rated at 300 horse-power.

Weight—Chimney, 3,392 tons; cap, 18,600 Ibs.

Materials—Brick used, 1,101,000; 6,875 cubic feet stone
masonry.

Cost.—$18,500.

Holyoke Machine Company (1883). Flue, 42 inches square
by 120 feet high.

Double Wall —Inner wall to within 24} feet of top, above
this wall the flue is enlarged to 48 inches square.

There are three arches in each side with stone water-tables
above each, and a double arch at the top of ¢chimney.

The top is covered with a casting bolted together in sec-
tions ; 144,044 bricks were used in its construction. and its cost
was, aside from cast cap, $2.160.60.

Weight of cast cap was 8691 lbs., which, with labor. adds
$31.41 to cost, or a total of $2.192.01,

An internal ladder of round iron provides means of aceess
to the top.

Each wall is built in three steps or thicknesses, not siven
above the base, where the outer wall is 16 inches, 54 feet
high, those above it probably 12 inches, 23 feet hich, and
8 inches for the balance, 12-inch inner, 39 feet core: those
above probably 8inches, 45 feet, and 4 inches, 55} feet hich.

A very clear engraving of this chimney ¢an be found in the
American Machinist, March 24, 1883.
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Pacific Mills, Lawrence, Mass. Architect and builder, H. F.
Mills, C. E. ; built 1873.

Description.—Briek;-octagonal outer shaft, circular inner
shaft, vertical inner lining. Shaft situate 210 feet from boilers.

[}I-I//,rﬁ.\‘IIr s,
Feet. Inches

Total height s Naroisreosatemav 24RO
Height of outer shaft, including footings. ........ .. 233 0
Height of inner lining 234
Outside measurement, outer shaft at base
Outside measurement, outer shaft at top, under pro-

jecting cornice 11
Inside diameter, vertical fiue 8

Foundation—Foundation bed, 19 feet below ground ; coarse
gravel : concrete, 35 feet sqnare, enclosed by pine-sheet piling
1 foot thick ; rubble masonry of granite, in Rosendale cement,
7 feet high.

Outer Shaft—This is constructed in six sections, viz. :

First section «... 12feet hich, 28 inches thick.
Second section.. 18 feet high, 24 inches thick.
Third section ... 20 feet high, 20 inches thick.
Fourth section .. 40 feet-high, 16 inches thick.
Fifth seetion . .. 60 feet high, 12 inches thick.
Sixth section.... 83 feet high, 8 inches thick.
233 feet high above granite masonry.
//l/H r ‘\'/ul_f./ <
First section 27 feet high; 24 inches thick.
Second section... 154 feet high, 12 inches thick.
181 feet.
Lining =
First section 20 feet high, 20 inches thick.
Second section. .. 17 feet high, 16 inches thick.
Third section . ... | 52 feet high, 12 inches thick:
Fourth section.... 145 feet ligh, 8 inches thick.

234 feet above granite masonry.
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Construetion.—The foundations were laid in mortarof Rosen-

dale cement and sand ; the outer shell in mortar of Rosendale
cement, lime, and sand ; and the flue-walls in mortar of lime
and sand.

Duty.—In the winter of 1873, the vertical flue having reached
90 feet in height above ground, boilers having 542 square feet

of grate surface were connected with the chimney, with satis-
factory results. The chimney was designed to serve boilers
having 700 square feet of grate surface.

Weight—The approximate weight of the chimney is 2,250
long tons. .

Bricks—There were 550,000 bricks used in the construction
of the shaft.

Lightning Conductor.—The shaft was struck by lightning in
June in 1880, after which date a lightning-rod was put up. It
consists of a_seamless copper tube, % inch thick, 1 inch in-
side diameter, at the top of which are seven points radiating
from a ball 4 inches in diameter, the top of the central point
being 81 inches above the iron cap. The rod is attached to
the chimney by brass castings, and is connected at the base to
a 4-inch iron pipe extending 60 feet to a canal.

This is a very weak chimney, the diameter at the base is 15
feet : one-tenth of the height (a common rule) would give 21.1
feet.

J. B. Francis, in a report on the above chimney, says 44 lbs.
wind=pressure per square foot would blow the chimmey down.

Brick chimnev of the Narragansett Electrie Lichting Com-
pany, at Providence, R. I. Designed by Messrs. Remington
and Henthorn, Providence, R. I.

The foundation of the chimney consists of piling and con-
crete, and to arrange for it 44 square feet was excavated 5 feet
6 inches below the zero line of high water, and the sides pro-
teeted by 3-inch spruce sheet-piling 16 feet long.

Over this excavation the pile-driver, having a ram weighing
2,200 pounds, was rolled.

Spruce piles, 50 feet long, were driven as far as possible
without breaking, and were spaced 30 inches centre to centre,
as shown in Fig. L
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There are, however, many more piles shown in this cut, but
those were driven to sustain other structures alongside. In
the drawing of ehimney, of which there are 231 piles, they are
shaded lightly that they may be more readily recognized.

These piles areent off nniformly at 5 feet below the high-
water line, the earth around: their heads thus being 6 inches
below their tops. The intervening space between the sheet-
piling was filled in with ¢onerete composed of one part of Nor-
ton’s hydraunlie cement, two parts sand, and three parts coarse
aravel and broken stone.

This mass was carried up to the 1 foot 3-inch level, and eon-
sequently, formed a foundation 6 feet 9 inches thick, with the
head of each pile projecting 6 inches therein: | This was then
covered with earth and allowed to season during the winter.
On May 31,1889, work was resumed by laying the first brick
of the chimuey. This was carried up in the form of a square
of 36 feet, to a heioht of 3 feet 2 inches, and from that level the
base of the chimney proper, which was 28 feet 6 inches square,
was: started.

The centve of the chimney was fixed hy building into the
chimney.a cast-ivon plate, upon which was a well-defined centre
mark

From this centre mark all measurements and plumbing were
established while the chimney was being built.

As each 20 feet in heightwas built, the centre of its axis
was re-established; and if any deviation from the plumb was
found it was corrected before the next 20-feet level was reached.

The base of the chimney, as before stated, is 23 feet 6 inches
square ; consists of three walls, an outer wall 28 inches thick, an
intermediate wall, octagonal in form;, 12 inches thick, and a
core wall, e¢ircular in section, 16/inches thick.  The outer and
infermediate walls are joined together by pilasters 12 inches
thick.

In commencing the base of the core wall each course of
brick was set back 2} inches from the previous course, until
the inside diameter, 14 feet; was reached, when the wall was ¢ar-
ried plumb/16 inches in thickness up to the T8 feet 2-inch level,
where it was reduced to 12 inches, and run up to 193 feet 2
inches, where it was again reduced in thickness to 8 inches,
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and thus ecarried to 249 feet 9 inches. This wall, complete, was
laid up in lime mortar which had been slaked from three to
six months before using.

The outer wall, of rectangular cross-section, was carried up

to the 38 feet 2-inch level, where, at each of the four COTNETS,
cut granite blocks were laid to change from a square to an oe-
tagonal cross section.

The chimney was built entirely from the inside platforms, the
masons working overhanded, and thus no stagine was neces
sary on the outside. Up to the level of the granite work all the
stock used was carried-up a ladder placed on the outside. But
at this point there was constructed inside the 14-foot chimney-
flue an elevator, fitted with safety clutches, and capable of
carrying a thousand pounds, although not more than four
hundred and fifty was allowed to be placed upon it at any one
time ; and thereafter everything used in the process of con-
struction was sent up the elevator, to hoist which a 19-strand
steel cable was used. The temporary framework inside the
flue consisted of four 6 by 8-inch timbers, laid across each
other at right angles in pairs, and built into the walls at inter-
vals of every 5 feet.

Through the opening at the centre the elevator passed.

Over these timbers was laid a platform of 2-inch plank,
upon which the masons performed their work. To these 6 by
8-inch herizontal timbers, at opposite corners, were bolted the
vertical guides for the elevator and its upright framing, by
which it was hoisted ; these were spliced out at the top each
alternate staging.

The opening for smoke-flues is 10 feet wide and 18 feet
high, with a 28-inch arch of 5 feet radius. The lower part of
the opening is on the 14 feet 2-inch level.

Directly below and above the opening on the 13 feet 2-inch
and 33 feet 2-inch levels, were placed on each of the four sides
of the chimney, and 8 inches from the outside snrface of the
wall, two 1}-inch diameter rods, with 11-inch ends, connected
together hy cast=iron plates 12 by 14 inches square.

Openings were left at each corner so that the nuts could be
examined occasionally as the work dried out.

From and including the 53 feet 2-inch level, there were laid
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edgewise at each 20 feet in height and 8 inches from the out-
side surface of the chimney wrought-iron bars of 4 inches by
} inch with-their endS belted together, forming an octagon
corresponding to that of the chimney. At the 153 feet 2-inch
levels these braces were reduced in size to 3 inches by 4 inch, and
were not again used until the 223 feet 24nch level,or w here the
commencement of the head was reached;at which point bars
3 inches by 2 inch were bolted together in the wall. Their
next application was in the head, where two braces made of 4
ine¢h by 4-inch iron were used to help in binding the heavy
brickwork together during counstruction, which had considera-
ble overhane (2 feet 9 inches on each side).

With reference to the outside walls, the outer and inter-
mediate walls, with thieix connected pilasters, were built as one
structure and terminated on the 83 feet 2-inchlevel (see p 106),
where by the batter the outer wall is thus joined to the inter-
mediate, and become one wall from that point.

At this level two holes 5 by 8 inches were left in each of
the eicht sides of the intermediate walls. so that the interven-
ing space between the onter and inner walls might be venti-
lated. if by any possible chance gases should find access to this
space.

These ventilating spaces or holes are in communication
with the space between the outer wall and the core, which is
carried nearly to the top.

An attempt has been made to protect the structure from
lightning, by encircling the cast-iron cap with a copper ribbon
1 inch by % inch thick, to which are connected, by riveted and
soldered joints, eight brass upright sockets, one in the centre
of each panel of the cap.

To these brass sockets castings are secured by soldered
joints 1i-inch seamless drawn copper tubing, which extends
upward above the top of the cap and conforms to the shape
thereof, and after projecting 5 feet above the top of cap the
tubes are each surmounted by a brass casting 28 inches long,
tapering in cross section, and having at its @extremity a plati-
num point 1% inches long.

The encircling ribbon around the cap is connected to the
eround ribbon by a brass casting thorougzhly riveted and sol-
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dered thereto, which, as it runs down the chimney is secured
in position by brass clamps with bolts built into the brickwork
as it progressed.

This arrangement, as a whole, is shown in detail in Figs. 2
and 3.

The lower end of the ribbon, which is 1 by %-inch copper,
rolled in one piece 285 feet long, terminates in a copper plate
30 inches wide by 60 inches long, and %-inch thick, and is
buried 4 feet below the natural level of the water in the soil
of the premises.

This plate is buried in a load of powdered coke, 18 inches
being placed above and 18 inches in thickness below the plate
Shiltha vholsfllsdim it craval: ’

CHraNeEY AT CrLArk’s THREAD WoORKS, KEARNY, N. J.

“ One of the tallest chimneys in America has been erected
at the works of the Clark Thread Company, at Kearny, near
Newark, N. J. The shaft is circular and 335 feet in heicht : it
15 28 feet 6 inches in diameter at the base and 14 feet at
the meck. Its internal diameter is 11 feet in one circular
flue. he top is surmounted by a cast-ivon coping weigh-
ing 6 tons and made in 32 sections bolted together by inside
flanges.

“The foundafion is concrete, made with 6 parts crushed
limestone, 3 parts sand, and 1 part German Portland cement.
This foundation is 40 feet square and 5 feet «lt'n'p' resting on
a bed of firm gravel. On this is founded the base of the
chimney of brick and extending 4 feet above the surface of the

round. The material used was brick laid i mortar made
sand to 1 of Portland ecement. The shaft up to 160 feet in

14
heizht was laid with mortar made of 6 parts sand, 2 parts
lime, and 1 particément; the sand and lme have stood for

three months [x!‘v.'\in!;.\l\. nade up as mortar, and the ecement

was added just before use. The top of the chimney was
laid in mortar made of 3 parts sand to 1 of lime and 1 of
cement:

“The outer bricks were first guality North River, and the
backing bricks were of a good quality New Jersey brick. At
intervals of 20 feet an iron ring 4 inches \\'i\h'.-j to 1 inch
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thick placed edgewise, was built into the walls about 8 inches
from the external surface.

‘ At the base the chimney is double, with an outer wall
5 feet 2 inches thick, and inside of this is a second 20-inch
wall placed about 20 mches inside the first. From the interior
of the main wall eight buttresses are built up, nearly touching
the main flue wall and intended to keep the flue proper from
sagging.  The interior wall starting with 20 inches in thick
ness is gradually reduced until at 90 feet high it is 8 inches
thick. and at 165 feet it ceases entirely. ' No fire-brick was
used in the lining.

“Two horizontal flues enter the base of the chimmney
directly opposite to each other, and a 12-inch deflecting wall
is built across the shaft between these flues for a height of 16
foot. The two flues are arched and are 7 feet wide and 8 feet
high, and in these flues will be placed feed-water heaters for
the boilers : 21 boilers of 200 horse-power each will depend on
this one chimney.

“The lifting was done by an inside elevator, with a 3% by 3
footplatform, running between 4 by 6 inch guides braced against
the inside walls. The interior platforms, erected at every few
feet, rested upon two 3 by 8 inch beams built in the wall. The
greater part of the brick laying was done by 8 bricklayers
and 5 helpers, with 7 laborers on the ground supplying
material.

«The foundation and base were put in and the shaft run
up 18 feet in December, 1887. The work was again com-
menced in April, 1888, and finished in September, or in 150
days of 9 hours each. The total weight is about 5,000 tons,
divided as follows :| Brickwork, 9,051,900 pounds;  concrete,
1,000,000 pounds ; iron-work, /40,000 pounds. The base con-
tains 1,600 square feet, which would give a load of about 2.8
tons per square foot. No permanent means of access to the

top were provided ; as if such access becomes necessary &
amall balloon can be sent up the shaft with a line and allowed
to descend on the outside, and a line sufficiently heavy for
use is thus carried up.”—Engineering News, November 10, 1888.

With a flue temperature of 210° Fahr., a draft of 1§ inches
has been observed.
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BRICK CHIMNEY AT THE POWER HOUSE OF THE
UNION DEPOT RAILWAY COMPANY, ST. LOUIS, MO.

This chimney was partially blown down by the tornado at
St. Louis on May 27, 1896.

Construction. —1t consisted of an outer shell built of selected
hard-burned dark-red brick laid in a mortar of equal propor
tions of one part Portland cement to two parts sand, and one

part lime to two parts sand.

Bricks laid with push-joints under inspection, and all joints

are well filled.

The inner core is built of a ring of 4}-inch fire-clay brick,
re-inforced in the lower section by a ring of hard-burned red
brick.

The fire-brick are laid in fire clay. Each shell is finished
at the top by a cast-iron eap 2 feet deep, of i-inch metal, se-
cured to the brickwork by bolts. The inner shell is separated
from the outer one by a varying distance ; the dimensions, as
planned, give this distance as a minimum of 2 inches at the
top, and the same at 50 feet below the top where the section
changes.

The inner shell is stayed by brackets built into the outer
shell at intervals of 10 feet vertically. There are six of these
brackets on a level, each having a face of about 8 by 8 inches.
(See American Society of Civil Engineers. Proceedings, Jan-
uary, 1897. Baier on Tornadoes.)
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Brick CHIMNEY AT THE OMAHA AND (GGRANT SMELTING AND RE-
FINING WORKS, DENVER, COL.

The Dewver Times thus describes the Grant Smelting Com-
pany’s chimney :

“The ehimmey of the Grant Smelting Company, designed
by W.J. Scanlon, is the most marvellous construction of the
kind_in_the world and the highest in the United States®
Its dimensions are as follows: [t commences with a gravel
foundation 8.4 feet high and 58 feet square, composed of Diker-
hoff cement, containing from one to six parts of broken stone
and sand. Barney Currigan had eharge of the cement work.

“On top of this cement foundation the brickwork starts, 40
feet square at the base, and tapers to 35 feet at a distance of 7
feet from the base. On the top of this level there are two courses
of Fort Collins stone 9 feet thick, bedded in cement mortar. the
stonework being the orade line from whichthe chimney proper
starts.  The base of the chimney from here is 33 feet square,
and it continues to the heichtof 352 feet 3inches, diminishing
13 feet from the bottom to the top. Thé octagonal corners ave
not built onau inclined plane asusual They are curved, with

a prominent outside curve of ahout three feet. This was 80

constructed in order to obviate an optical delusion through the
ase of a centre line; by plumbing down to the centre, whieh
was-established by bedding platein the centre of the chimney.
A 15-pound bob was used forthis purpose, with as fine a line as
would carrv it. Plumb rules were changed every ten feet, with
curve established on the rule to carry up from one measure-
ment to the other and also measured out from centre line every
ten feet and came out on top within a fraction of the size re-
quired.

“Phe ¢himnpey has a flue of 16 feet in the clear, and walls 8
feot 6 inches thick, which extend to the top of the racking. At
this level start two walls with a space between of 2 feet ; the
onter wall is 4 feet thick, and the core wall 2 feet 6 inches thick.
The space between these walls of 2 feet extends to the top of the
chimney, to the open air, and the outerwall for the last 100 feet
isteduced to a 18-inch wall. The core wall is reduced to a 9-inch

* [n 1900 it was exceeded in diameter and height by the Metropolitan Traction Company’s
chimney, New York City, see p- 124 In 1901, in height by the Orford Copper Company’s chim-
ney, at Constable Hook, N. J., see p. 133,

28

(R s 0 1}

Bricg CHIMNEY

AT

THE OMALA

ILLUS. No. 29

AND GRANT SMELTING AND REPINING
Dexver, CoI

WoORKS,




TIIEORY PERTAINING TO BRICK CHIMNEYS

PlanorTor

“""""WNO/’AII/““"""“""‘""'""""

—
=X o

— S

HALF Y mar
LLEVATION — SECTION

Tet Cacestame WECOE
_w"?,—q

ILLUS. No. 30.
CHiMNEY DeETAILS, CHENEY BROTHERS' Sk Mirrs, Soute MANCHESTER, CONN.




116 aMNEY DESIGN AND THEORY

wall for the same heigcht. From the 28-foot level the outer o1
main wall is separate from the core, or practically one chimney
within the other.

“At intervals of everyiten feet in each octagonal section
there are buttresses carried from both walls with plates between.
There are six rollers between each plate, so that the core can

rise when the heat is ereat enongh to cause expansion. This

idea was to prevent the pressure from being sidewise.

“ The top or finisly, which is 30 feet high, with a projection
of 5 feet 2 inches, is the heaviest one ever made in brick. Tt1is
banded by laree iron-cirelets passing around the structure.
These bands ave placed over the inner walls with bolts running
out. which fasten to-anele ivons that form the octagon. These
anele irons are placed on the outer course of brick and built
in solid with the best cement mortar.

“ While being built it was kept level and the weight equal-
ized the pull or pressure of going out on these irons. There
were several sets of these irons, A ecast-iron plate covers the
entire top, with a trap-door which conneets with an iron ladder
built in tlie main wallen the inside nextto the core wall.

“Whe weicht of the structure 1s 8,000 tons, and its cost was
$55.000. Oyer 2,000,000 pressed bricks were used in its eom-
position.  The brickwork was doné by John Cook in 199 days.
Twelve bricklayers worked on.the first 100 feet, eight brieklay-
ers on the next 100 feet,and six workmen on the remainder.
The laborers were paid $7 a day, and the foreman received $8.°

A Taitr Brick CHIMNEY.®

The lareest chimney on the Pacific coast, 1892, the third in
point of size in the United States, and the fourth in the s orld,
i< beine built in' San Francisco. The broad column of bricks
is seen hich above the roofs of the houses in itswicimty, and
towers above every factory chimney in the city. The structure
was put up by the Edison Electric Light and Power Company
on Jessie Street near Third, in connection with.a new building
75 feet front, 165 feet deep; and 52 feet high. The chimney is
175 feet above the pavement, and will rest on foundations, be-

* San Francisco Chronicie.
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low the street level, of solid concrete 9 feet 8 inches thick, and
98 feet square. The interior diameter for the entire height is
to be 12 feet. At the base the chimney has an exterior
diameter of 18 feet 6 inches, and the outside diameter of the
cap will pe 14 feet. Inside, for a height of 73 feet, there will
be a detached fire-brick lining with air-space between it and
the interior surface of the chimney. The object of this lining
is to protect the chimney from the expansion and contraction
incident to the varyine degree of heat. As the base is of con-
crete so is the topmost ring of the chimney. Laid in the arti-
ficial stone of the cap and intended to bind it firmly together,
are seven hoops of one-inch wirerope. Between base and cap
machine-made brick is used entirely, it being estimated that
975.000 bricks will be required to complete it. The concrete
rine will be 4 feet deep, and the ornamental brick and concrete
capital of the chimney will be 16 feet high. The only vertical
openings in the chimney will be one about the level of the
roof of the building in order to repair the fire-brick lining and
to clean it. and one at the base through which to remove soot
and ashes. From the roof an iron ladder will rise outside the
chimuney to the very top, so as to afford a means to repair the
exterior when necessary. This ladder would, if connected by
copper wires to the earth, form a lightning conductor. The
latter has not been provided, however, it being considered un-
necessary, as there is no instance in the history of the ecity of
a chimney or building of any kind having been struck by light-
nine. The sole duty required of this enormous chimney is to
afford a natural draucht to twenty-eight boilers, which will
furnish the motive power to six engines of 1,200 horse-power
each, or 7,200 joint. | The: costof this chimney is estimated at
$10,000.

At Paterson, N. J.. a great many of the old mill chimneys
are built as follows: with square flue or core about 3 feet4
inches square inside, and 75 feet high.

A chimpey of theabove dimensions has been built as follows:

Foundation of concrete, 9 feet by 9feet by 4 feet deep ; base
of chimney, 7 feet 9inches square; 12-inch wall tapering up 256
feet 6 inches ; the next 19 feet 6 inches is 8-inch wall.
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The core i1s 3 feet 4 inches square inside, with 8-inch wall
running up and meeting the outer wall at 45 feet above the
foundation, where the chimney is 6 feet square, above this the
flue continues straight up, and the outside is drawn in to abont
8 inches thickness of wall at the top.

A squiare cap of cast iron in four pieces is put on top, and
bolted by inside flanges.

About 45,000 brick and 36 cubic yards of concrete entered
into its construction.

The weight per square foot on fonndation is 2.20 tons.

The weight per square foot on soil is 1.82 tons.

Air vents are placed in outside wall to let out the heated
air from cavity between walls.

Some of these chimneys have had their top part lifted off
by reason of/the heat of the flue, and the flue and outer shell
being run together, others have stood very well, probably be-
cause the fires have not been forced.

BRICK. CHIMNEY AT THE PLANT OF THE STEIN-
WAY ELECTRIC COMPANY, ASTORIA, L. I

Flue, 8 feet in diameter.

Height, 140 feet above the ground.

Fire-brick lining, 45 feet up from the bottom, 5 inches
thick.

Core of chimney, 13 and 8 inches thick to within 50, feet
of the top.

Outer shell, 32 inches thick at the bottom, reduced to 12
inches thick at the top.

ILLUS: No

SteINwAY ELECTRIC

COMPANY

JL

Astorins, L. L
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BRICK CHIMNEYS.

The Cambria Iron Company, Johnstown, Pa., in 1881
-  J

built two! sizes of chimneys, which from the peculiar
desien were termed “Crinoline ™! chimneys.
One was 140 feet 6/inches high above base-plate, with
a flue 7 feet 11 inches in diameter.
Half Top Plate

The other. 200 feet high above basesplate, with a flue ,ﬁ. i
~-y ’\dl!gc’]

10 feet in diameter.

1T
&% (Bed Fat)

The prominent features of their design are:
First.—Single-bricktube.
Second.—Cast-iron base plate.

Third— Steel rails set vertically in onter walls, with

wroueht-ivon binders or hoops.

They -have been in constant use up to the present

time. and have proved themselves well fitted to the work

¢

for which they were designed.

Vertical Section |

Throueh the' courtesy of Me Jos. Morgan, Chief: En- : e

oineer-of the works, the 140-fodt chimney. is pictured in

detail on the opposite page.

Band Joint, Enlarged Sectiondl Elewith
of Chimney.

ILLUS. No. 33

Tar Camsria IroN Company., Jounstows, Pa.
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Robert Kuntsman* gives the data for material for a brick
chimney of 2,000 horse-power capacity. as follows:

Working capacity of chimney......... 2,000 horse-power.
Depth of foundation 12 feet.
Heicht of chimney iunclusive of foun-

dation T LT NN .. 205 feet.
Height of ¢himney from base line

top of cap 3 feet.
Height of eap from neck of shaft to top feet 9 inches.
Effective lu*i_-:lxl from inlet of boiler- =3 % i 840 Toris

flues Az 8 feet 3 inches. > ; ; Grivspergiet
Batter per foot/ on \]x[t walls l"u,o lllt'll

outside, and 3. inside.
External diameter of chimney at base

feet.

Internal diameter of flue at base line. 8 feet.

External diameter at neck under cap. 10 feet 6 inches.

Interior diameter at extreme top. ... . 7 feet.

Thickness of outer wall nnder the cap 1} briek, 12 inches.

Thickness of outer wall at section (/) 2 brick, 16 inches.

Thiekness of outer wall at section A 21 brick, 20% inches.

Thickness of outer wall at'section /7 3 brick, 243 mches. :

Thickness of outer wall af section i — | : / 160, !'
(with inlet flue)y /A 3 brick, 243 inches. s :

1530 Tons \;
93%rspersgrif 1034 2

Size ofinlet flue from boilers, 9 feet by 4 feet 6 inches, with

an area of 32 feet square.

Avea of outlet on top of chimney 38.5 square feet.

Total weichtof chimney, including founda- | & : Tyl
tion 1,588} tons. ey

Total weight of bric k\\ulk from base line L] grryrt s )
np\mu] 1.016% tons. : =3 ;

Lioad on conerete foundation 2.9 tons, or nearly 3 tons per

square foot.

The load on-the eround and distributed over an area of
1,370 square feet is therefore 0.86 ton per square foot.

It should not be difficult to arrive at the cost of this chim-
ney at any locality if, according to local conditions, price of
materiils andl labor ave estimated from the quantities we have

given.
It \\111 require 390,000 brick.

* Brick, April, 1597,

Section at Elev.2000"

Section at Elev43e”
e

fection at Elev. 150"
1LLUS. No. 34
CuimyeYy METROPOLITAN STREET Rarnway Power House, New York City.
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BRICK CHIMNEY FOR THE METROPOLITAN
STREET RAILWAY COMPANY,

NINETY-FIFTH StREET AND First AVENUE, NEW York CIry.

Built in 1898.

The gronnd on which it is built was originally low eround,
beine covered at one time by the water of the East River, but
]uul‘huun filled in at a later period. A number of borings
were made to determine-the character of the strata below the
earth and ash filling, averaging, respectively, about 10 and 15
feet in depth.  Below the filling, blue clay or mud was found
to an average depth’ of 35 feet, beach sand to about 45 feet,
fine red sand from 45 to 55 feet, and, from this down, elay was
present as far, at least, as 80 feet. Roek was found in one
trial at a depth of 125 feet.

In building the foundations, which cover an area of about
85 feet square, the earth and ash filling were removed to a
depth of 20 feet below the determined level of the station
floor. taken as. datum, and piles were driven to a depth of
about 40 feet over the entire area. The piles are upon 2-feet
G.inch ‘and 2-feet 34inch centres, and a total of about 1,300
wore driven by means of pile-drivers suspended from derrick
booms. At a depth of 40 feet it was found that a 2.500-pound
hammer falling 20 feet drove the piles about one inch, on an
averace. In driving the last 20 or 30 piles, the resistance was
SO ‘-Tl';‘flf that they could not be driven over 15 feet. The piles
were cut off 1 foot above the top of finished ground, or at a
grade of — 19. An immense conerete block was laid upon
them, 85 feet square and 20 feet thick, of 1, 3, and 5 Giant
Portland cement-concrete. Cement mortar used in the brick-
work was made of 1 part Giant Portland cement and 2 parts
sand.

It is located close to the wall separating the engine and
boiler rooms of the station, and divides the boilex room in
two parts. Smoke flues lead from the boilers to tho. ('h%lnuu}'
from opposite directions, and as there are three stories in the
boiler house upon which the boilers are to be installed, there

THEORY PERTAINING TO BRICK CHIMNEYS

are six larce openings to the chimuey, two on each of the
three floors. The chimney is built of two concentrie shells,
and the outer shell is stiffened by 12 interior longitudinal ribs
projecting radially toward the inner shaft and leaving a clear
ance of § inch. he inner shaft has a constant diameter of 22
feet, and the outer dimensions of the stack range from a square
base, 55 feet on a side, to a neck of 26 feet 10 inches in diam-
eter, 316 feet above. The cylindrical exterior of the chimney
is given a batter of 31 inches in 10 feet, or 0.312 inches per
foot.

The two shells rise from a common brick base resting on
the conerete, and are practically a single structure ap to a
few feet above the smoke-flue openings. These openings are
24 feet 6 inches, one above the other, and 4 feet below the
first opening; at the 15-foot elevation, the shaft is lined with
an 8-inch thickness of fire-brick to a height of 90 feet, which
is about 10 feet above the third-floor opening. Beyond this
for 25 feet the fire-brick is only 4 inches thick, and from the
115-foot elevation upward the walls are of common brick.
The weakening caused by the openings is overcome by the
double-arch construction and the use of tie-beams of channel
iron. A 12-inch brick wall, 85 feet high and provided with a
buttress divides the lower part of the shaft into two parts,
separafing the two tiers of smoke-flue openings. The inner
shell is built in five sections from the basal thickness of the
wall; which is 24 inches, to an 8inch wall at its top, 340 feet
high. The outer shell, as to thickness, ranges from 28 to
16 inches. The fourth section, from the 200 to the 280-foot
elevation, is 16 inches thick, as shown, and the wall thick-
ness then becomes 20 inches. The successive gradations of
thickness up o this peint eonform to the reéquirements of
the limiting stresses allowed, but the enlarcement is made,
aside from providing for the coping, to bring the two shells
in closest proximity, so that both may assist in resisting lat-
eral strains. The gap between the two shells near the top of
the ehimney is protected with an apron of sheet-iron 4 feet
wide and provided with a flange at the top imbedded in the
brickwork. The top of the chimney is protected with an iron
cap formed of 40 castiron sectors, bolted one to the other.
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They envelop the top brickwork, and are anchored by vertical
tie-rods to an annular steel ring about 28 inches in diameter
imbedded in the brickwork about 14 feet below the cap. Ten
lightning-rods point upward 6 feet above the top of the chim-
ney, and are connected to a copper ring, which is provided
with two descending conductors of copper, each 1 by & inch in
cross section. These conductors are also connected to the
iron top. | Two other steel rings are also encased near the top,
one about 342 feet and another about 313 feet from the base,
to prevent any ftendency to disintegration resulting from in-
cipient eracks.

The chimney for the station, now practically completed,
stands 353 feet above its foundation, and it is, therefore, the
tallest .chimmmey in the United States.® Its internal diameter
is 22 feet, and in that dimension it is the largest brick chimney
in the world. '‘Rankine’s formula was used in determining its

capacity, and in designing the chimney it was assumed that the
wind-pressure would be equivalent to a pressure of about 40
pounds per square foot of diametrical area. The total weight
of the chimney is 8540 fons, and 3,400,000 red bricks were
used in the construction.

The drawings show at various elevations the total weight
supported, and the corresponding stress per square foot of
sectional area. The' pressure intensity of the outer shell is
on the average greater than that in the interior shaft, being
about 9 tons per square foot. The unit load at the conerete
base is only 8.5 tons for the whole weight of the chimney.

The chimney was designed by the Engineering Department
of the Metropolitan Street Railway Company.—ZEnginecring
Record, vol. x3xix., p. 53.

* In 1901 it is exceeded in height only by the chimmey of the Orford Coppéer Company; Con-
stable Hook, N. J., which is 360 feet high, see p. 128,

ILLUS. No. 35

Bansouk Frax Spixsmne Co., /GrAxn Streer, Parerson, N. J.

Flue. 6 feet diameter. - Height, 175 feet
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Tae CeestNzvr Hinn PoMeING StaTioN CHIMNEY.

This chimney, built by the Metropolitan Water Board,
Boston, Mass., 125 feet high with a flue 4} feet in diameter,
has a feature worthy of record
in its soot-collecting tunnel, il-
lustrated below.

This feature is deseribed by
the Engineering Record as fol-

lows: “From a point opposite
the centre of the chimney a
branch tunnel, 3 feet wide by 6
feet high, extends into the chim-
ney foundation to a pit beneath
the flue, for the removal of soot.
The entrance to this branch-
tunnel is closed by a tight iron
door. The bottom of the chim-
ney is con-
tracted into
the form of
an inverted
truncated
cone, whose
smaller di-
ameter is 24
inches.
“Thi

opening is

closed I)}' a % -

door made Transverse Settionthrough Boiler Rdom ‘and

of two semi- S A

circular }-inch wrought-iron plates, arranged to revolve about
a 13-inch diameter horizontal steel shaft at the diameter of the
circle. By means of pulleys and a chain passing through the
walls of the chimney the two leaves of this door can be dropped
simultaneously to dump the soot and then be closed again from
the coal-house without entering the flue” By this arrange-
ment the chimney draft is not interfered with while removing
the soot.
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Orrorp CorreErR ComMpany's CHIMNEY.

This radial-brick chimney, 360 feet high,
consisting of a single shaft, is now being
built (1901) at Constable Hook; N. J_, for
the Orford Copper Company; to elevate
the gases from chemical reactions so high
is to be the cause of no harm to the peo-
ple of the neighborhood

With an internal diameter of 20 feet at
the base, and 10 féet at the top, a square
exterior for 30 feet above the foundation,
the balance. of ‘the height is cireular in
cross-secetion to the top.

The square portion of the shaft is built
of ordinary red brick, the circular part of
radial briek (custodis). These radial bricks

|
|
¢
|

s oo s B i s 1 e ol e i il

vary in size from 12inches radial length at
the base, laid in five concentrie rows, to 11
inches at.the top, in one row; by 4 inches
thizk (or high).

The ¢ircular pertion is 46 inches thick

=~26'3 —4 —24/ 7t~
D (ot it o e o i e e S s e v s et s 3 B

at the 80-feet elevation, it§ outside base a
taper of 3/inchesiin 10 feet, the inside be-
ing offset 2 inchesevery 163 feet. 33 < -
in~h iron- bands encircle the brickwork
every 8 feet in height, to the cap, which
also is made of moulded brick.

The fire brick lining, 42 feet high, in-
tended to resist a temperature of 1,500"
Fahr. is divided into three parts or see-
tions, each earried on corbels at their bot-
tom, and leaving an air-space of 2 inches
between the lining and shell. Two parti-
tions, formine an X, deflect the gases up- T,\Tn A

< [fo263tn 263 )
|

et

R i diniainin
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l

ward from four inlets. = iz e
The estimated weight of the echimney is =
3475 tons, giving a load of 5.57 tons per

square foot on an area of 624.4 square feet — -V” " :""/ § g?%\ Section M-N. I_U:H_I_I.TJ_

G

k—2
|
|

if S'>:‘?;-:>n O-P. Vertical Section.
ILLI'S. No. 37
Camusers AT THe Paws EXuisiTioN

ILLUS. No.

at the foundation level.
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BRrick CHIMNEYS AT THE 1900 Paris EXHIBITION.

A pair of chimmneys of white brick, with decorations of terra-
cotta; and brick of various colors, consisting of a single shell,
262 feet 5 inches above the ground, with a flue 14 feet 9 inches
at the smallest dinmeter, were built on the Exposition grounds
for furnishing draffito the various steam-boilers.

The sub-foundation of concrete, 59 feet in diameter X 5
feet thick rests on 133 oak piles, 12 inc¢hes diameter x 23 feet
long, driven in éircular rows by a hammer weighing 2,650
pounds ; above this a stone foundation is built up to the
ground-level or nearly so.

Two flues enter each ehimney, a diaphragm being built in
the chimney a short distance to keep the inlets separate and
distinet.

The shaft proper consists of a twelve-panel pedestal 521
feet high, and a highly ornamented shaft bound together by
0.43 % 4.75-inch flat iron bands fifteen in number, bolted to-
gether and embedded in the masonry.

An inside ladder providesdfor access to the top, and a cop-
per-pointed lightning rod at the top, grounded to drainage
and waste pipes, is to take care of lichtning discharges.

The thickness of the wall at the top is 14 inches to a maxi-
mum of 4 feet 5inches at the eap, 51 feet at base of eylindrical
part and 6 to 94 feet in the pedestal.

The concrete was 2 parts stone, 1 part mortar, which mor-
tar was 500 pounds Portland cement to one ecubic yard of sand.
The mortar for the shaft was composed of 1 part hydraulic
lime to 2 parts of sand.

The first 92 feet was built from outside seaffolding, above
which height a fir-plank platform inside the shaft, from which
vas hung a platform-car with a capacity of upward of 3,300
]NHIIH]-\'.

This timber floor was raised every 20 feet, a five horse-
power engine did the hoisting, the apparatus being shown in
detail by the cut on page 131.

Three thousand cubic yards of brickwork, and 1,300 cubic
yards of other masonry were used in the work.
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For more complete description and illustration of these
p . v Yy . s "0 PO
two chimneys see Engineering Record, Steam Engneering, Genie

Civil and Zeits. d. Verein. Deutsch. Ing., all of 1890.

Stenm Empingering. N. Y.

ILLUS. No. 88
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AtrrONS Custopis, DUSSELDORF oN RHINE,

as well‘as other builders, have built a great many round chim-
neys, using a speeial moulded radial brick. The brick © are
made from| pure, thoroughly consistent clay and pressed with
water.” burned at-a~heat of not less than 1,500° Fahr. A
smooth surface, and a surface which isless porous than is the
case with cominon brick, is thus obtained., These

brick are perforated in one direction—vertical, Oo0o

leaving an air-space from top to bottem, which ooo
acts as a sort of jacket to the flue, butis noet continu-
ous, as the mortar at each joint acts as a separator. Qoo

This design of brick adds to the stability of oog
the chimney, by virtue of the less number of joints
subjeet to the weather, and also the better bond which M.
Custodis says he secures.

Comparative experiments at the Royal Testing Station for

Juilding Materials in Berlin, with perforated and unperforated
chimney bricks, show the following :

1. In unperforated bricks the material possessed the ex-
traordinary compressivestrength of 350 kilos per square cen-
timetre (= 4,978 pounds per square inch).

2. In perforated bricks made of the same raw material, the
compressive strength was even somewhat greater, 354 kilos
per square centimefre(5,035 pounds per square inch), althongh
the sectional area of the holes was ineluded as surface.

3. The, adhesive power of cement-mortar used with unper-
forated bricks amounts to 1.53 kilos per square centimetre (21%
pounds per square inch), while with perforated bricks it
amounted to 433 kilos per squnare centimetre (615 pounds per
square inch); or about three times as much.

[lustration No. 39 shows a chimney built in the manner
just deseribed and of radial brick.

As it is generally found desirable in a brick chimney to
have a central core or flue lined with fire-brick to protect the
chimney itself from being destroyed by the varying tempera=
tures within, Mr. Custodis uses the sectional method of build-
ing the lining, giving it a uniform thickness, which allows a

By courtesy of The Staten [slander, New Brighton. S. 1

ILLUS. No. 59.

OrrornD Correr CoMpany, CoxstanrLe HOOE.

Designed and bailt by Alphons Custodis Chimney Cons

He 364 feet ; inside diameter of flue at top,

N.J

*tion Company.
13 feet
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section at a time to be repaired; each section can expand

vertically according to the heat each section receives ; on ac-
count of the small lining thickness necessary, this method is
very economical.

Because of the superior strength of the bricks used and
wall thickness used the diameter at the base of any chimney
can be much less than for red brick chimneys, less land occn-
pied, and a less unit load on the foundation.

Chimneys of this type built in the United States, which are
over 150 feet high, are in part located as follows:

Bethlehem Steel Company, South Bethlehem, Pa.
(2) 175 feet by 8 feet inside top diameter.
(1) 175 feet by 9 feet inside top diameter.
Yorkville Independent Hygeia-Ice Company, New York City.
Stack 190 feet by 7 feet 6 inches inside top diameter.
New York Shipbuilding Company, Camden, N_.J.
200 feet by 8 feet 6 inches inside top diameter.
Great Northern Paper Company, Millinocket, Me.
235 feet by 12 feet inside top diameter.
Manhattan Raillway Company, New York City.
(4) 278 feet by 17 feet inside top diameter.
Orford Copper Company, Constable Hook, N. J.
360 feet by 10 feet inside top diameter.
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LIST OF BRICK CHIMNEYS.

1. At Knoxville, Tenn. Illustrated in FEngineering News.
November 2,1893!
Flue, 6 feet diameter ; 120 feet high ; double walls.

TABLE No. 25.

EXTFRIOR WALL ISTERIOR CORE.

|

Height; feet. Thickness, inches. Height, feet

20
30
30
40

L )
SR

Exterior diameter at base is 15 feet 6 inches ; batter, %
inch in 12 inches from the bottom to 8 feet from the
top, then straight. Space between | walls, 16 inches at
bottom. diminishing to nothing at-the top of core wall.

The interior is of red brick, exeept a lining of fire-brick
for 20 feet np from the bottom:

9. Montreal (Can.) Stréet Railway Company, William Street
Power House:

This chimney (1894) is the hichest in Montreal, 190 feet
high above the fire orate, and with a flue 9 feet diameter,
gives a draft-of 1% inches of water.

The chimney is built with double walls, and the square

sedestal base is 18 feet square outside:
{

Three thousand horse-power of Lancashire double-flue
boilers are connected. to it.

3.. Mechernich Liead Mining Company. Flue, 9 feet 10 inches ;
heioht, 440 feet 6 inches; formdation of dressed stone, 36
feet square by 11 feet 6 inches high.

The base, a cube of 32 feet 9 inches, and the octagonal
plinth of the shaft are both built of annular kiln bricks.

The cireular shaft is formed-of radial bricks, it is 24 feet
6 inches outside diameter.and 11 feet 6 diameter inside
at base : at the top it is 11 feet 6 inches outside and 9 feet
10 inches inside diameter.
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4. New Sessions Foundry, Bristol, Conn.
Flue, 42 inches diameter by 110 feet high ; circular, 6
feet diameter at top, 10 feet diameter at base, set on an 11-
foot square bed at grounnd. Three 150 horse-power Heine
boilers connected to it.

5. Passaic Print Works, Passaic, N. J.
Flue, 9 feet diameter by 200 feet high ; cost, $15,000;
built by Flynt Building and Construetion Company.
This chimney has three batters in the height.
Eighteen 6 feet diameter by 18 feet long horizontal
tubular boilers are connected to it, with a total of 760
square feet of grate.

6. Fall River Iron Company.

Flue, 11 feet diameter by 350 feet high ; diameter outside
at base, 30 feet; diameter outside at top;, 21 feet.

Foundation of granite, 55 feet by 30 feet by 16 feet
deep.

Required 1,700,000 brick, 2,000 tons stone, 2,000 barrels
mortar, 1,000 loads of sand.

Estimated cost, $40.000.

7. Dundee Chemieal Works, Passaie, N. J.

Cirenlar, 175 feet high, 14 feet square at bottom ; laid up
in cement.

Used to get rid of gases from chemieal reaction at a high
altitude ; cost $7,000.

Since it was built it showed several large cracks from
the top one-third the way down and has been rebuilt ; iron
bands-being placed around -the ontside to. retain the
brick.

8. Merrimack Manufacturing Company, Lowell, Mass.

5 Flue, 12 feet diameter ; 282 feet high; round pedestal,
cost $18500; load on foundation 48 tons per square
foot.

The foundation is 30 feet in diameter of dressed granite
blocks laidin clear Portland cement ; core was laid in lime
and sand mortar; the outside shell was laid in lime,
cement, and sand.

ILLUS. No. 40.

OLp CorpER WORKS CHIMNEY AT BELLEVILLE, N.
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9. Municipal Lighting Plant, Frankfort-on-Main, Germany.
Flue, 7 feet diameter ; 164 feet high.
Supplies draft for 12 internally fired boilers with single
furnace. and four Galloway tubes.
Boilers. 82 inches diameter by 28.8 feet long ; 925 feet of
heating surface each.
. Port Dundee. Glasgow, Scotland.
488 feet Ineh. | Cost, $40,000.
| Townsend, Glasgow, Scotland.
454 feet high.
Pennant & Company, Glasgow, Scotland.
434 feet 6 inches high.
| Crossley’s; Halifax, England.
2831 feet hich. Octagonal, stone.
_ Dobson & Barlow, Bolton, England
13 feet 2 inches diameter; 3674 feet high.
Brooks’s Fire-clay Works, Huddersfield, England.
306 feet hich.  Circular, brick, and stone.
s Mitehel Brothers, Bradford, England.
300 feet hich. Octagonal,stone.
~Edinburgh Gas Fight Company, Edinburgh, Scotland.
Flue, 12 feet diameéter; 264 feet’ hich. Cost, $25,000.
Clircular, stone, square pedestal.
T,0ad 'on bottom or soil is 2.5 tons per square foot.
_ West Caumberland Hematite Iron Works, England.
951 feet high. Circular, stone.
 Amoskeac Mills, Manchester, N. H.
Flue. 10 feet diameter ; 250 feet high. Circular, brick.
ou. Washington Mills, Lawrence, Mass.
Flue. 10 feet diameters 250 feet high. Cirenlar, brick.
. Tremont and Suffolk Mills, Lowell, Mass.
(1) Flue, 10 feet diameter; 950 feet high.  Circular,
hl‘ickA
9. Tremont and Suffolk Mills, Lowell, Mass.
(2) Flue, rectangular, oblong; brick. Heicht, 238 feet.
. Lower Pacific Mills, Lawrence, Mass.
Flue. 8 feet diameter.; 214 foet high. Circular, brick.
_ Edison Electrie lluminating Company, Paterson, N. J.
(1) Old chimney ; 200 fect hich. Octagonal.
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95. BEdison Electric Tlluminating Company, Paterson, N. J.

(2) New chimney ; 225 feet high. Circular.

s, Newland’s Mills, Bradford, England.

Flue, 9 feet diameter; 260 feet high.
T.oad on bottom on soil, 4.5 tons per square foot.

. MeCormack’s Reaper Works.

Flue. 6 feet 8 inches diameter; 160 feet high.

Load on soil, a dry hard clay, 1.8 tons per square
foot.

. Queen Lane Pumping Station, Philadelphia, Pa.

Flue, 12 feet diameter ; 200 feet high.
Foundation, 37 feet square by 24 feet deep.

Frl i ; : -
. Tweedvale Manufacturing Company.

Flue, 4 feet diameter ; 125 feet high.
Foundation, 19 feet square by 9 fe_t deep.

. Grosvenordale Company, North Grosvenordale, Conn.

Flue. 5 feet dinmeter; 150 feet high. Power, December,
1897.

. New Chester Water Compaay.

Flue. octaconal ; area, 2430 square inches; height, 105
feet. Lined with fire-brick 20 feet up above the opening
for breeching.

Furnishes draft to five 60 inch diameter by 16 feet
horizontal tubular boilers—Fngincering fLecord, vol. xxv.

. Chiecago City Railway Company.

14 feet diameter of flue by 208 feet high. Top round;
base square.

Foundation, 50 feet square ; 16 feet deep.

For twenty-four 78 inches by 20 feet horizontal tubular
boilers. John Mohr & Sons.—Power and Transmission,
May, 1897. .

3./ Akron. Ohio. Street’ Railway and Illuminating Company.

Octacon exterior, brick, round flue ; 72 inches diameter;
130 feet high.
3risbane, Queensland, Australia, Electric Power Plant.
Brick chimmney, 7 feet diameter of flue by 15 feet high,
for 2,400 horse-power B. and W. boilers ; 1,200 of which is
now in.
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CHIMNEY PERFORMANCES.—SPECIAL TYPES. —STRAIGHT-
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CHIMNEY PERFORMANCES,

Brick chimney, Dwight Manufacturing Company, Chicopee,
Mass.

Flue, 4 feet square by feet high.

Burned through it 1,587.8 pounds anthracite coal per hour;
burned through it 1,459.0 pounds combustible per hour ; draft
0.45 inch.

Horse-power developed in boilers, 460.9.

Equivalent evaporation per pound of combustible from and
at 2127 = 11.1% pounds.

Coal burned per hour per square foot of grate — 1097
pounds.

Boilers connected to chimney : 4 vertical Corliss boilers 8
feet diameter, and 2 vertical Corliss boilers 10 feet diameter.

A chimney 80 feet higzh, flue 42 inches diameter, has been
found to cause sufficient draft for a rate of combustion of 120
pounds of coal per hour per square foot of area of chimney. or
if the grate area is to the chimney area as 8 to 1. a combustion
of 15 pounds of coal per square foot of grate per hour, or a
total combustion 0f1,154.4 pounds of coal per hour.—Kent -
“ Transactions of the American Society of Mechanical” Enei.
neers,” vol. vi. h

The author’s Table No. 10 gives the capacity of this chimney
as 1,128 pounds

A chimney 92 feet high, flue 50 inches diameter.
Area of 13.63 square feet: area of flue inlet — 13.12 square
feet ; area of grate 48 square feet, with an air space of 21
138
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square feet, with a temperature of chimney gases of 609° Fahr.,
caused sufficient draft for the combustion of 1,179 pounds of
free bituminous coal per hour.—Gale: “Transactions of the
American Society of Mechanical Engineers,” vol. vi.

The author’s formulze, Table No. 10, gives the capacity of
this chimney as 1,141 pounds.

“Transactions of the American Society of Mechanical Engi-
neers,” vol. xv., p. 610, says: “Three hundred boiler horse-
powers were connected to a chimney 72 inches diameter of the
flue by 125 feet high, with poor resunlts; but when chimney
was changed to 42 inches diameter by 125 feet high, the boil-
ers worked much better.”

The author’s Table No. 8 gives the capacity of the latter
chimney as 351 boiler horse-power.

Steel chimney, 88 inches diameter by 110 feet hich, over a
Cahall vertical boiler at Armstrong Cook Co’s. Works, Pitts-
burg, Pa.

Tests by J. M. Whitham. Coal, nut and slack, from Sandy
Creek Mine, near Pittsburg, Pa. Efficiency test, 917 pounds
of coal burned per hour.

According to the author’s formulse, this chimney capacity
is 1,073 pounds ; capacity test, 1,702 pounds of eoal burned per
hour.

Brick chimney, 8 feet diameter flue by 175 feet high, Ar-
mour & Co's. plant, Kansas City, Mo.

Coal—Ardmor, Mo., bituminous Mine-Run coal. Tests by
F. G. Gasche, M_E.

Flue temperature, 580° Fahr. ; ount-door temperature, 80°
Fahr. (approximate).

Draft in chimney, 0.68 inch of water.

Boiler horse-power is 1,167.

Coal burned per hour, 7,198 pounds.— Power, August, 1897.

Steel chimney, 4 feet diameter flue by 100 feet high. Reid
& Barry, Passaic, N. J.
Attached to two boilers rated at 250 horse-power each, with




140 CHIMNEY DESIGN AND THEORY

a total of 104.76 feet of grate-surface, gave the following re-
sults with different coals used under boiler :

Anthracite buck Bitunminous fump

conl coal
Termperature of external air 45" Fabr. 42° Fulir
Temperature of guses at base of chimpey...... 372" Falr. 427 Falir.
Coal burned per liour, total dry 1,902 pounds. 1,865 pounds
Foree of draft in inches of water 048 0.55
Theoretical draft. we might Took for. 556 0.624
Barometer 30.35 inches. 29.9 inches

Natural draft: was used, and the coal burned in both cases
coincides with what might be looked for from the author's

tables.

An old ¢himney, 67 feet high, with internal diameter of
196 inches to 13.8 inches; and with a total distance from fire to
chimney of 98 feet, was taken down, and a new chimney with
an intended total distance from fire to outlet of 95 feet, and a
minimum internal diameter of 25.5 inches was planned ; when
the chimney had goneup 39 feet it'was tried, already there
was a ereat improvement onthe old ¢himney ; again at 46 feet
it was still-better, and at 52.5 feet the/draft was excellent, and
there was an economy of 15 to 20 per cent. in fuel. The ehim-
ney was therefore finished at that height. Ramdohr of Gotha
confirms.this, and recommends a uniform internal diameter as
being more rational and as protecting the brickwork from the
lli)t :l!l(l l’:l])ill :l.\;i:ll stre: 2 v rn/;‘/u(/ du Gazel /'/‘,‘/1'«'/4‘/‘1'{/"1’.
1897.

A steel chimney, 110 feet high, with flue 42 inches diameter,
attached to a boiler rated at 250 hoiler horse-power, with 57
square feet of grate-surface, under test, when starting the plant
with outside air quiet, and with a temperature of 40° Fahr.,
showed the following results :

Temperature of gases at base of chimney.. 300" E. 445° F.| 525° F. 875 F.
Foree of draft iniinches of water 0.36 0.46 0.52 0.56

—@Geo. H. Barrus, 1894

CHIMNEY PERFORMANCES

OFFICE-BUILDING CHIMNEYS.

Tall office-building chimneys in the large cities are often
made of steel. cireular in shape, and placed in the ventilating
shaft in many instances to assist it in the purifying of the air
throuchout the building; these chimneys need no special
strencth, being braced to the walls of the shaft and easy to
snpport.

The metal and riveting should be proportioned as in guyed
steel chimneys.

Other chimneys are of brick in office buildings built like
am house chimney, while others of steel are placed in the

“open air” or light shaft, as the chimney of the Manhattan
Life Building, New York City ; this is 4 feet 6 inches diameter
of flue by about 360 feet high, and is secured to the wall by
wroucht-iron.straps. It furnishes draft to three inter nally
fired Scoteh boilers, with 1,620 square feet of heating surface
each, total 4,860 square feet.

The first record of steel chimneys in use in tall office build-
ings, is that at ‘““the Fair,” Chicago, T11., built in 1890-91, which
is deseribed as follows:

PDiameter of outside of 4-inch tile lining is 6 feet 9 inches.

Diameter of flue in clear at fire-brick lining, 5 feet 9 inches,

Diameter of flue in clear at tile lining, 6 feet 1 inch.

Height of t'hilllllt'}', 172 feet 6 inches.

Startine from the basement floor, the chimney rests on a
brick base 23 feet high ; at the base two 4 by 4 by 4-inch angles
are riveted. one inside and one outside of the 4-inch shell, and
they in turn rest on a ¢ l~t iron ring 11 by 81 inches in section,
throuch all of which 'the #sinch anchor o - foundation bolts
pass; thickness of shell is { inch tln()n"]mut the first 40 feet
is lined with fire-brick 6inc h« s thick; above whicha 3 by 4 by -

inech ancle-iron is riveted thus — |47 to the shell, and similar
ones above this about every 15 feet, which carry the 4-inch tile-
lining which goes tothe top of shell.

The cap is made of -inch steel shaped like an inve rrted U,
fitted outside of shell, .m«l inside of tile riveted to shell.

The chimney is braced to the building by two 3 by 3 bylinch
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angles fastened to columns. Space around the chimney is
utilized for purposes of ventilation.— Engineering Record, vol.
XXIX., p. 157.

REMOVING BRICK CHIMNEYS.

A brick chimney octagonal in section, 135 feet high, ex-
ternal diameter 12 feet, base 17 feet square by 164 feet high,
with walls '3 feet thick, at a brick works in Lérineznyaralo,
Hungary, was blasted by Lieutenant-Colonel Tangl of the
army and his men.

Bricks were removed for about three feet in height, di-
rectly above the base, leaving two openings—one in front,
one in the rear; this work being done by four men in nine
hours.

The structure was to fall to the ground close to the base
on account of nearby buildings.

A mine of 15 pounds of “ecrasite” was placed in one open-
ing, and two of 11 pounds in the other, all placed 10 inches
above the base in order to spare it.

They were fired simultaneously, and the chimney fell in a
bottle-shaped mass just away from the base, occupying a
Jeneth of 190 feet, height of 10 feet, and the greatest width
was 56 feet at 66 feet from the base.

Observers did not feel the rush of air, but in the direec-
tion of the fall windows were broken at a distance of 260 and
500 feet.— Erngineering, p. 658, 1898.

CAST-TRON OFFICE-BUILDING CHIMNEY.

University Bloek; Svracuse, N. Y., eleven-story steel-cage
building.

Boilers, 470 boiler horse-power.

Chimney, 172 feet high ; flue, 4 feet diameter.

Foundation, a bed of concrete 16 inches thick; on this
90-inch brick wall about 6 feet high, capped with a cireunlar
cast-iron shoe or base-plate. From this plate six sections of
flanged east pipe 4 feet 10 inches diameter are’ placed, lined
with 4-inch fire-brick, capped again with a ecast-iron plate on
which stands the spigot end of the 4-foot inside diameter cast-
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iron water-pipe, which, with bell ends and spigot ends, makes
the balance of height of chimney, excepting the upper sec-
tion, which tops out in a moulding above which is a serrated
edge. The chimney is anchored to the floor-beams by #-inch
bolts.

In the building this ¢chimney is surrounded by a double
tile wall each 3 inches thick, 3-in¢h air-space between them,
and greater air-space between tile and castiron chimney pipe.

— Engineering Record, vol. xxxviii.,

0 p. 190.
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Pacific Coast Borax Company,
Constable Hook, N. J., 1898.

The entire mill-is built of con-
crete and iron affer BE. L. Ran-
some’s patent and by him, as is
also the ehimney.

Only the hottest zone of the
chimney, bottom to 20 feet up, is
protected by a fire-brick lining.

The reinforcement of this stack
consists of finch rings two feet
apart vertically ‘and, eight j-inch
vertical bars in each wall of the
(']lilnlu'i\'.

(\I\|I~

[Ty

This chimney is built inside the
factory, which protects it from wind
strains up to a height of 70 feet,
above which it rises 80 feet exposed

ILLUS. No: 41. to.the elements.
Sy P ! : The flue is 7 feet diameter by
Pacrric Coast Borax (OMPANY, o R 1 ;
CoxsTarLe Hook, N. J 150 feet lll_'_']]. Between the inner

3 —————

and outer shell are eicht concrete
and iron brackets, 6 inches wide, running.the entire heicht
of the chimuey.— Engincering Record, vol. xxxviil., p. 189.
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A licht-house was erected in 1874 on the Isle of Jersey,
of concrete, but built up of moulded blocks as ordinary ma-
sonry-

Its height is 135 féet-on a rock 109 feet above the level of
the sea.

Desiened and erected by Sir Ju Coode. It is recorded as a
snceessful application of conecrete.

Fr. Von Emperger, Proceedings Awerican Society of Civil
Engineers; 1894, says: “Two concrete structures which give
the best proof of the elastic properties of this material (con-
crete) may be mentioned.

“ One 15 a chimney 160 feet high, in Treland, in one piece
of concrete. which has stood the heaviest storms ; and another
example which is cited by Mr. A. Rella, are wine-tanks of a
capacity of 80,000 gallons (of concrete only) in Agram, Hun-
cary, which stood the last earthguake without cracking.”

Suteliff* says the first example in England of concrete
chimneys was at Sutherland; the fonndation was 12 feet
square by 6 feet thick of concrete.

The chimney-base was 24 feet 9 inches high, 7 feet 6 inehes
square outside, and 4 feet square inside, lined with fire-brick.

Above the base was a moulding 21inches high, and from
this rose an octagonal shaft 30 feet high 15 inches thick at
the bottom, and 9 inches at the top.

Concrete for base, 1 part Portland cement to 8 parts shingle
and sand: for the shaft, 1 part Portland cement and 5 parts
gravel and sand ; rubble stones were also packed in the con
crete as it was laid.

The finish was #-inch coat of cement (1 to 1) divided into
ashlar.

Sutcliff speaks also of conerete chimneys being built else-
where before this one.

Chemieal Works Chimneys.—Chimneys used to carry off acid
gases should be provided with exterior iron bands, and the in-

terior have proper protection to the bricks, especially at the
joints s the author would use only the best Portland cement;
laid with close joints, for this elass of work.

* i« Concrete, Its Nature and Uses,” published 1593,
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CONCRETE-STEEL DUST FLUE.

Fngineering News describes a_concrete-steel construetion
at.the works of the Arkansas Valley Smelfing Company, at
Leadville, Col., where the dust flue conveying the smoke and
oases from the roasting furnaces to the chimney is built of
concrete, with an embedded metal skeleton. The flue is
U-shaped. in plan, with one leg of the U shorter than the
other. The sulphurous gases from the reasting furnaces enter
the short leg of the U from a tunnel below ; pass around the
loop, being somewhat cooled, and, depositing in the passage

fsced eitper
e o
or’D”

Area a.‘!cnt Bock wall
| 126311 .

I ‘wa-“"

5

Concratn

F:“T'T?a' e 267
4'5mﬁfloor
.

ILLUS. No. 46,
TR.\\-S“PR.\'E SecTioN OF CONCRETE AND STEEL SEELETON Dust FLue

the valuable dust which it contains, finally pass out of the
ehimney into which the long leg of the U enters. Brick riffle-
walls, placed at intervals aeross the bottom of the flue, aid
in collecting the dust. The fluc was designed by Mr. E. H.
Messiter.

The construction of the flue is quite clearly shown by illus-
tration No. 45. Illustration No. 46 gives a cross-section show-
ine the main arch members, which are simply iron channel
hoops bent to an arch and havine their ends set in a concrete
base wall. "~ Between the base walls is a concrete floor resting
directly on the ground. The channel iron arches are con-
nected longitudinally by flat iron members connected to the

Longrtudinal Section at Crown.

] E_xp.ﬁ‘.(m! Lath,
=

+  Wired on

s Staple, Clinched
il

15§ Flat Iror; 0.125 lbs

Longrtudinal Section of Side Wall.
STRUCTURAL DETAILS OF CONCRETE AND STEEL SKELETON Dust FLUEB

ILLUS. No. 45.
CoxcrETE AND StEEL DUust FLUE
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channels by eclinched staples. Tllustration No. 45 shows this
connection. and also shows the arrangement of the lathing
of expanded metal, which was fastened to the inside of the
main flat and channel iron skeleton. The lathing and main
skeleton were finally embedded in mortar composed of 1 part
German Portland cement to 3 parts sand, to make a wall 2}
inches thick, except at the c¢rown, where a furnace slag con-
crete was employed. The inside of the wall was given a wash
of neat cement paste. In one side of the wall a space was left
for an iron plate door. The various other details of the con-
struection are clearly shown by the drawings.

CHIMNEY AS TANE TOWER.

Professor O. Intze and F. A. Neumann, of Aachen, Germany,
have patented such an arrangement. It consists of a brick
chimney built-as usual to where a tank is to rest, where a cap-
stone is placed npon it; from there upward the outside size of
the chimney is smaller, leaving a shoulder for tank brackets.

In an illustration in the Fagineering News, vol. xxxix., p.
987, the total height of the brick chimney is 143 feet, the base
for the tank being at 102 feet elevation.

Diameter of flue is 8 feet 6 inches at the top, and 5 feet 9
inches at the bottom. The steel tank has a capacity of 26,400
gallons, and space is left between it and the chimney for a
ladder.

Several of these structures have been built of the eapacity
of the above, or less.

OTHER USES FOR CHIMNEYS.

The Coe Brass Company, formerly Wallace & Sens, at
Ansonia. Conn., use an old square brick chimney as a clock

tower.

The Richardson Manufacturing Company, at Newark, N..T.,
atilize their steel chimney to carry an exterior spiral staircase
from an enclosed court to each floor of the factory building.

At the power-house of the Massachusetts General Hospital,
Boston, Mass., scarcity of room and the smoke flues entering
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“the chimney at a high level,” allows of the interior of the
lower part of the chimney being “used to contain a spiral
stairway to connect the ground level and the floors.”

COMPARATIVE COST.

Based upon figures given inthe table, a chimney of 2,000
horse-power, if built of red brick, would cost about $8,500 ; of
steel, self-supporting, full lined. about $8,300; of steel. self-
supporting, half lined, about $7,800; of radial brick, about
$6,800; of steel, self-supporting, unlined," about $5,820; of
steel, guyed, about $4,000.

The following list is one which has been‘made up from act-
ual costs, and may prove interesting in this connection -

Cost, dollars.
Horze pow-
er, W. W.
Christie’s l Per rated Remarks,
rating. Total horsea-
power.

Description.

Radial brick, Cire.. . . . 1,645 6,000
Radial brick, Cire, ... 13 484 40.000
Red hrick, 4,040 16,000
Red brick, Circ 6,000 18,500
Red brick, Rect 150 2192
Red brick, Hex 12.211 55.000
ted brick, Cire 4 859 10,000

64 American.

00 Foreign.

00

00

87

.ol

.06 | Single shell, firebrick
lining half height.

O W we GO e S0 00

Red brick;.Cire. .. /.. | 2,92 15,000
Red brick, 3 2,972 40,000
Red brick, Cire... .. .. 6300 18,500
Red brick, Cire....... 6.000 25 000
Red brick, Cire 1,100 4,950
red briek, Reet. ..., 517 1,900
Steel, self-supporting. . 2,400 10,000
Steel, “"”"”i’!""’““;-’- | 2.350 8.000
Steel, self-supporting . 240 700
Steel, guyed 400

13

93

00

25

a0

80

15 Lined throughout.
40 Half-lined, price with-
) oat foundation.
.0 Unlined.

66 Pulined.

G0 e S0 e i 0

2O

An 80-inch centrifugal blower, 48.inch wheel. 4 % 3 inches

double engine, blower and encine on beam platform, was
erected in New England in 1899, conneected with a 48 inch diam-
eter chimney of No. 12 steel, 22 feet hich, 10 feet of it above
the roof, 1 inch thick cast base plate. The total cost for ap-
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paratus, frame work, and mason work was $856. The boilers
used in the plant, in connection with the blower, were hori-
zontal tubular, one 80-inch diameter by 17} feet ; two 72-inch
diameter by 171 feet.

In the same year a self-supporting steel chimney, unlined,
33 feet diameter by 105 feet high, was erected, with foun-
dations and flue connections, at a cost of $1,013. The chim-
ney was made of %, 4, and # inch steel. The blower outfit
works satisfactorily in the part having two boilers with a total
of 75 square feet of grate. The chimney gives a very satis-
factory draught for 93 square feet of grate surface, and if it
had been made 48 inches diameter, as in the blower outfit
mentioned, and been guyed with wire rope, with a light foun-
dation, $800 would easily have met the expense.

A CHIMNEY ON LOOSE SOIL.

An interesting deseription is given in Dingler's Polytech-
nisches Jowrnal, vol. eelxvii., p. 194, of a ehimney built on
loose soil ; thus rendering a light structure necessary, says
the Liondon Builder. From the foundations four upright, and
somewhat tapering, lattice-girders were carried up, and con-
nected together by eross bracing. On the inner edge of the
frame thus formed the chimmney proper was built of tiles,
about five inches in thickness, and having lap joints. Angle-
iron bands were introduced at intervals to bind the whole
firmly together. The total height of the chimney is 140 feet,
and the inside diamefer S feet 6 inches. 'The total weight is
543 tons, which gives a pressure of 17 pounds per square inch
on the foundation, 2.2 tons per square foot. This wonld be
about equal to half the weight and pressure per square inch
of an ordinary chimney. The whole chimney was erected in
thirty-nine days, the iron-work occupying thirty-one days of
the time. The cost is set down at 19,200 franecs* and it is
estimated that a brick chimney of the same height and size
would have cost 14,300 francs.}

* $3,698 182,753,
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HIGH CHIMNEYS ARE NOT NECESSARY.

In the language of Professor Wood they are “a monument
to the folly of the builders:”

Whilemultiple echimnéys do not look as imposing as onestate-
ly structure, yet better results are often obtained by their use.

A notable ‘example of chimneys. in multiple is at the
Spreckles Sugar Refinery, Philadelphia, Pa., where five chim-
neys are used for one plant of 7,500 horse-power of boilers,
costing less than one chimney for the
combined plant.

The new plant of the Carnegie Steel
Company, Bacdad, Pa.is a still more
striking example, as shown by Illus.
No. 44.

The aunthor has changed one plant
from one chimney for two boilers to
three chimneys for three boilers, with
very beneficial results.

This Style Made Use of by

STRAIGHTENING A CHIMNEY.

The Standard Concrete Manufactur-
ing Company, Barnest, Pa., have a brick
chimney 122 feet high, 11 feet square
at the base, with tapering walls, weigh-
ing 400 tons ; walls 36 inches thick.

The top leaned 45 inches from a ver-
tical line. To sink the side 4} inches,
104 inches of brickwork were removed
at the foundation from three sides, and square blocks of wood
put in their places—brick piers being built 6 inches high
80 as to leave the 4} inch space.

Chimney Top Designs.

The wood was then set on fire and made to burn evenly.
As the top gradually swung over, small fissures which appeared
on the bottom were filled with steel wedges, to maintain solid-
ity of the walls.

The work consumed one day, the burning of the blocks one
hour— Engineering News, vol. xxxvi., p. 160.

CHIMNEY ACCIDENTS

CHIMNEY ACCIDENTS.

““The lecture of H. Liitgen, 1884, that in a manner similar
to other chimney accidents (see for instance Cordeir’s report
concerning capsizings in France) all ehimneys blown down
have broken off either slightly above or below the centre.

“For the granting of an equal steady wind-pressure the
upper parts become weak in proportion to the lower part,” and
“1it is well known that in Germany the storm of the year 1876
threw down only such chimneys as were in use among a large
number of the same kind and sizes of chimneys™ caused by
the weakness accompanying the heat from the gases.

A brick chimney with a flue about 5 feet inside diameter
by about 160 feet high, being built in a New Jersey city, in
1890, was nearly completed, when struck by an extended severe
northeast storm, and though the top was covered, yet the mor-
tar being green, a major portion of the structure came down,
g0 much that an entire rebuilding of the shaft was necessary.

A 200 feet high octagon chimney, with a flue 8 feet in
diameter (of the inseribed circle), which had been just com-
pleted for the Hoepfner Refining Company, Hamilton, Ont.,
Canada, collapsed early on the morning of April 18, 1900, ne-
cessitating the rebuilding of everything above the foundation.

The apparent cause of this disaster was bunilding the chim-
ney when the lime mortar froze as it was laid, and the con-
sequent expansion was built upon day after day; when the
spring sun thawed out the frost the masonry settled and the
collapse was the result.

TEARING DOWN OR RAZING A CHIMNEY.

The Engineering News, May 17, 1894, gives some details in re-
lation to the successful tearing down of a square brick chimney,
75 feet hich, by use of four dynamite cartridges set off at once.

A brick chimney at the Tees Tron Works, Middlesbrough,
Encland, was taken down by using a tight vertical box the
eross-section of which was the size of a brick, and dropping
the bricks in at the top; when a number had reached the
hottom ithey were removed; the air-eushion provided by the
closed box prevented breakage to any considerable extent.—
Engineering, Liondon, vol. xii., p. 189.

A brick chimmney, 160 feet high and 8} feet square at the
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base and 4} feet diameter at the top, was overthrown lately in
St. Louis by the use of hydraulic jacks. The chimney be-
longed to the old Belcher Sucar Refinery, and contained about
200,000 bricks.  The chimney was first undermined on one side,
and-three 10:ton hydraulié jacks were placed in position un-
derithe side. A hawser was then fastened about the chimmney,
60 feet from the cround, and ropes‘led from this hawser to
crabs placed at a distance of about 100 feet from the chimney.
With eight men at each ¢rab and men at the hydraulic jacks,
the chimney was/slightly lifted and pulled at the same time ;
the men at the jacks left their posts at' the first warning
crack, but those at the erabs continued their work until the
chimney fell. The top of the chimney toppled over first and
the base followed. The work was performed by P. W. Hassatt,
contractor—Engineering News, 1899.

STRATGHTENING A CHIMNEY.

Square brick chimney, 100 feet high, leaning 28 inches, at
factory of Ormsby Textile Company, Waterford, N. Y., erected
in 1893, located one-third of a mile from the west bank of the
Hudson River on north side of outlet of Mohawk River. The
underlying rock is shale; irregularly covered by earth.

Chimmney is 5 feet 4 inches square at the fop, and 9 feet
6 inches sqnare at the bottom, and bas a flue 3 feet square ;
its foundation is 14 feet deep—4 feet by 14 feet square being
conerete, and heavy stone-work 10 feet by 14 feet square at bot-
tom, tapering to'9 feet 6 inehes at top. Foundation weighs 149
tons, making with chimney 355 tons on 196 square feet of earth,
or about 1.8 tons per square foot.— “ Transactions of the
American Society of Mechanical Engineers,” paper dexi.

This chimney settled in all about 0.598 of a foot. The man-
ner in which it was straightened is described by Mr. J. €. Platt
in part as follows :

“The work of straightening the chimney commenced on
March 19, 1894. A scaffold was erected, and eight oak timbers,
6 inches by 10 inches by 10 feet, were placed at the corners at
the height of 42 feet above the stonework, and 4} feet below
the centre of gravity of the brickwork ; the object of the bak
timbers being to spread the bearing of the wire ropes over as
large a section as practicable.

“Wire ropes were passed around the timbers, and another

ORMIBY

ILLUS. No. 47

TextiLe CompPaxy, WaTerrorp, N.




CHIMNEY STRAIGHTENING 153

wire rope 2} inches in diameter with eye in each end. was fast-
ened to the first-mentioned ropes at its upper eye.

“The lower eye was connected with a system of pulleys
secured to the dock at the river edge at a distance of 78 feet,
and directly opposite the direction in which the chimney
leaned, the pulleys being made up of three sets of double
and single blocks connected together in series, havine three

points of fastening to the dock, and having eleven pulleys in

a system.

“ Cables were also put out from the chimney on each side
at right angles to the main eable, and having turn-buckles to
tighten them ; also a guard eable in the rear.

“The earth was then excavated on the high side of the
foundation nearly one-half way around the bottom of the
foundation (to a depth of 13 feet), and the main cable put under
sfrain with the pulleys.

“In the course of three weeks the chimney was brought
back about 4 inches.

“Then with a post-hole digger, 8 inches in diameter, eleven
holes were sunk vertically in the bottom of the trench around
the foundation, principally at the highest point, to a depth of
o feet 6 inches to 6 feet. Af this time the water in the river
stood mup to within 1} feet of the bottom of the foundation ;
the ground being soft to a depth of 4 feet, it then became
very hard, showing that the strata supporting the chimney had
1'('(‘“ l"'ii('h('(].

*No movement or flow of the soil was discovered until the
eighth hole was sunk 43 feet and the tool withdrawn for clear-
ance, when it could only be reinserted readily about 3 feet
and lieadway made very slowly.

“From this removal of the earth there resulted within a few
hours a righting of the chimney of 5 inches, increasing to 8
inches by the next morning.

“The slack of the pulling-rope was taken up as fast as the
chimney moved, and the rope was kept under strain.

3y tightening up the pulley-rope two or three times a
day, in a week the chimney was brought back to 82 inches.

“In similar manner, the post-hole diggers being reduced to
6 inches diameter, about one-fifth as much more material was
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removed; immediately followed: by righting the chimney to-4
inches, and from that point, after filling the holes with fine
broken stone-and eravel thoroughly rammed, by continued
dailystrain on the main eable the chimney was brought back
to plumb at the rate of a quarter'of an inch per day-.

“The turn-buckles in the side ‘cables were oceasionally
used to-control-any tendeney toward lateral inclination.

“The work has beén accomplished without injury to the
structure.”

Chimneys have been straightened at Tiouisville, Ky., in a
similar manuner,

CHIMNEYS FOR FORCED DRAFT.

Chimneys for foreed or induced draff should be made of
sufficient diameter to carry off the products of combustion ;
and the writer recommends the top of sueh ¢himneys to be at
least 15 faet above the top of the boiler-house roof or the roofs
of adjoining structures.

If the greatest diameter of chimney flue, corresponding to
the civenhorse-power_or boiler plant; be looked up in the
authors’ table No. 8 for chitaney: sizes, it will coincide very
closely with present practice, and give abundance of room, so
as not to necessitate too high a velocity for the gases.

The above is applicable toeither brick or steel chimneys.

By‘the use lof the fan, hich and expensive chimneys are
done away with; and the capacity is not as limited as the ordi-
nary chimney, and while the draft of the ordinary chimney is
affected by the weather and ¢limatie conditions, foreed orin-
duced draft ean be regulated so as to be nearly constant in its
effects; and there is less waste of heat of the flue gases.

Phe dhieap grades of fuel can be nsed, in fact anything that
will burn at all can be made use of, and money possibly saved,
thouch the interest of the investment must be met, and the
running éxpenses-of the draft-producing appliance is never
ending.

Provided meechanical draft fis an' easily applied, remedy,
unless;the fluein the chimpey. is laree enongh of area, the re-
sults obtained will not meet one’s expectations as well as a

properly designed chimney; it may be said, however, that

ORMSBY
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mechanical draft is a necessity in the burning of dust and rice
coal and other cheap fine fuel.
FLUES.

In eonveying the gases from-the boiler furnace to the chim-
ney-a flue must be used fitted with an easily swinging damper
close to boiler connection, and be made as air tight as pos-
sible all of the way-to-chimuey flue.

Having seen that there is less fri¢tion in a round than
square chimney to' the flue gases, we should make the flue
round whenever possible; and it is more easily built, while the
square flue meeds Hanged corners or special angle-iron corners.

Round flues) for more than one boilerare made tapering
from. a small size at first boiler to the larcest size at
chimney.

The area of the flue should be at all sections as large or lare-
er than the total area of tubes emptying in it at that Section.

When more than one flue is to connectwith a chimney from

opposite sides, a partition or deflector is ‘provided so as to

separateithe two carrents of ‘gases, and defléct them upward.

Sometimes one opening is made at least three or four times
its diameter above the otherflue inlet, without a separator.

Overhead flue conneetions are of steel sheets, those under
ground are sometimes of steel, but-often of fire-brick laid in
fire-clay/and covered with red hrick.

Exposed flues should be protected with hair felt, ashestos
board, or some other heat retainer. that all the heat from the
gases may be ayailable in the chimney proper for draft

The effect of chancing the length of the flue leadine into
a chimney 60 feet high and 2 feet 9 inches square is as follows®

TABLE No. 26.
DRAFT POWER—VARYING FLUE LENGTHS

Length of floe in feet Horse power 1 of flue in feet

o0 107 6 800
100 100 1.000
200 853 1 500
400 | il 2.000
600 ] 62 3. 000

‘"Hellos."

No 50,

ILLUS,
FLUE ARRANGEMENT 1,600 HoRsE-PoweR PraNT 0F HEINE BOILEKS, PART OF 4,500 HORSE-POWER PLANTS OF BROADWAY AND

SEVENTH AVE\UE CaBLE Ratnway Company, NEw YORK.




CHIMNEY FLUES
The following table may also be useful

TABLE No. 27.
REDUCTION OF CHIMNEY DRAFT BY LONG FLUES.

Total length of flues in feet.... 50 100 200 400 600 800 1,000 2,000
Chimrey draft in per cent..... 100 93 79 66 58 52 48 35

In the above the total length from grate to base of chim-
ney must be considered.

When several boilers are connected with one flue, increase
size as before noticed.
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INFLUENCES OF TURNS AND ELBOWS UPON FLUIDS IN MOTION.*¥

Let us consider first the influence of abrupt changes of di-
rection and later those of continuous changes, that is to say,
of curved pipes.

M. d’Aubuisson has made several experiments on the influ-
ence of abrupt changes of direction. In his “ Traité d"Hydrau-
lique,” p. 513, appears the following :

* Translated from M. E. Péclet's Traité de la Chaleur, by F. R. Low.
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“ Elbows in conduits, when they are abrupt, augment con.
siderably the resistance to movement. In my numerons ex.
periments on conduits with elbows, seven 45-degree turns
reduce the flow one-quarter.

“In-these experiments T noticed that the resistance in-
creases, as 1n water pipes, sensibly as the square of the velocity
and nearly as the square of the sines of the angles. Beyond a
certain number, however. the resistance even diminished : thus
fifteen angles reduced the loutflow a little less than seven of
the same size. This phenomenon and other circumstances
have rendered futile the attempts that T have made to estab-
lish, even approximately, the resistance of the elbows. In

practice; a bad effect may be avoided by rounding well those
curves which it is necessary to make.”

According to the experiments made by Dubuat’ on water
pipes, the resistance of an abrupt change is sensibly repre-
S(*ll[(‘ll ll_\‘ /'.\‘/'/1‘\1'_ P Iu'ill}_' !ll«' I!(':l«l 1'1)!‘!'1-5!)”]““11‘_’ to ”H‘
velocity of flow, and ¢ the angle which the second pipe makes
with the prolongation of the first. For oas which Hows under
a light pressare,-and which in_consequence undercoes only
insensible variations of density. it was probablé-that the resist.
ance of the elbows would follow the saiiie law, but it was im-
portant to verify this, the more so that in the experiments of
Dubnat’ the angles 7 were always between 36° and 58°. As
to the singular result found by d’Aubuisson, that from a cer.
tain limit the flow increased with the number of angles. it ean
be explained only. by admitting that the joints were not en-
tirely tight.
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It results from numerous experiments which I have made
on abrupt changes of direction that when the angle 3. Fig. 1,
of the second pipe with the prolongation of the first is be-
tween 20° and 90°, the loss of head is given by the formula:

P, —p, = psin®i
as for pipes carrying water.
P, is the head before the elbow,
2, 1s the head after the elbow,
p the head corresponding to the velocity.

For angles between zero and 20 degrees, it will be neces-
sary to consider the elbow as a curved pipe and employ the
formula which will be given later.

If the angle was a right angle, Fig. 2, the loss of head
would be p, and for » changes at a right angle it would be 2 p.

Fommaebeme s G0

|
|
|
\

W

For an angle greater than a right angle, as in Fig. 3, the loss
of head is uncertain. From some experiments it appears that
for the angles made by the second pipe with the prolongation
of the first comprised between 110 and 160 degrees, the loss of
head would vary from 2p to 2.28p ; but these experiments were

not sufficiently regular and consistent to justify a great deal
This case, however, rarely presents

of confidence in them.
itself in practice. .

The total resistanee of the abrupt changes in a circnit ]u:—
ing equal to the sum of the resistance of each one Hf.tln-m. if
it is imagined that the richt angle formed by the two pipes A B
and BC, Fig. 4, were replaced by three, four, or five pipes,
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disposed symmetrically, the angles 7 being equal, their sum
would be t;'(]u:ll to 90 degrees, and designating by 7 the num-
ber of angles 7, the total resistance would be

= (‘.W
7L Sus -
n )

Tf n be supposed successively equal to
1 2 3 4
the value of 7 will be 90° 45° 30° 22° 30°
of which the sines are 1 07907 0.50 0.382
and the losses of head become 1 1 0.75 0.58

Thus a single pipe cutting a right angle does not diminish
the resistance appreciably, and three intermediate pipes do
not reduce it-quite to one-half.

CURVED PIPES.

The earliest experiment on the flow of fluids in eurved
pipes was made by Bossut. ‘A pipe of 16.:24 metres in length
and 27 millimetres in diameter discharcged under a head of .325
metre a velume of .0028 cubic metre of water in a minute when
it was in a straight line, and .02048 when it was turned upon
itself so as to form six well-rounded elbows. It seemed, ac-
cording to this experiment, that well-rounded elbows had not
much inflaence on the flow, but as the pipe was quite long,
the loss of head was in part confused with that which eame
from friction.

Dubuat made a considerable number of experiments to de-
termine the resistance of curved elbows in water-pipes, and
this engineer has been led to a singular explanation of the
résistance in guestion. He maintains that when the water
issues from a rectilinear camal, 4B, Fig. 5, and penetrates
into a curved canal, BCD, the elementary veins do not follow
the curvature of the pipe, but are reflected on its surface, and
that the loss of head produced by the curved pipe is due to
these reflections of the lines of water. According to his ex-
periments the loss of head would be expressed by \

0.0123 7% (* + 82 +52. )); or p024(st + 52+ &)

s8's” being the sines of the angles of reflection.
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Where the curvature of the pipe is circular, all the angles
of reflection are equal, and the above expression becomes
P nSIn .

The angles of reflection are those which correspond to the
central vein. D’Aubuisson accepts completely this explana-
tion of the resistance of curved pipes, and the formula of Du-
buat {*Traité d'Hydrau-
lique,” p. 182). Notwith-
standing the authority of
these two engineers, such
an explanation appears to
me to be inadmissible.

First, the fluids, liguid or

gaseous, do not reflect

against the surfaces which

they encounter, and in the

second place, if this re-

flection did occur, 1t would F16. 5.

not be the same for all the

elementary veins which penetrate into the curvilinear pipe,
and for which I think the values of 7 and % would be different.

I made a great number of experiments to determine the
losses of head from rounded elbows, Fig. 6, from which it ap-
pears that we shall not be far from truth in considering that
the resistance of a curved pipe of constant section is sensibly
equal to

i o

Z
= 1go?

i being the number of degrees of the are, p the head corre-
sponding to. the veloeity-of flow, P, and p, the head before and
after the curvature. Thus for a semicircle which will bring

Fia. 6.
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the pipe into a position parallel to the initial direction, Fig. 7,
we have 2 = 180 degrees, and the loss of head would be p, one-
half only of that which would take place if the pipe had taken
that direction by  two' abrupt and successive right-ancled
changes, Fig. 8. If there were # continuous changes of direc-
tion the 1oss of head would be ‘
> 4
Byo?i s is?
—Power, February, 1900.

Weisbach, from experiments with 1}-inch pipe (water) found
the loss of head to be /i, = . ,:,‘
=y

g D o | L
(7. = 0.9457 sin® 5 + 2.047 ,s‘u}'d:

I;'//u JULS —

20¢ 4lF 6(r S(F 90° 100= 110° 1200 130° 1402

G_=0046" 0.139 0.364 034 0884 1.26 11566 1861 2158 2434

hence at a 90-degree elbow the whole head due to the veloeity
is very nearly lost.
-
- = - ’ + N
Bends—For curved bends, O eross-section, 7, = G,

]

29

7 \?
Go=0131 + 1.847 ()
27"
where ( = diameter of pipe, » — radius. of curvature of bend.
For cross-sections
G, = 0124 +8.104 (3 )
\ &f"
where sis the length of side of section parallel to the radius
of curvature, 7.
0.6 ).8 0.9 1.0

O section.

440 977 1.408 1.978

0.6 .07 ).8 0.9 1.0 y
O section.
B98 643 1.015 1.546 3.228

CHAPTER IX
HOUSE CHIMNEYS

HOUSE-HEATING
ScHUMAN * gives these formule for house-heating calcula-
tions.
Let A — sectional area of flue in square feet.
V volume of smoke delivered in cubie feet per sec-
ond ; nsually 600 is allowed for V.
pounds of coal consumed per honr.
height of chimney in feet
veloeity of smoke in feet per second.
— external temperature, average 50°.
— internal temperature, average 550°.
(58) » 0.08y. (7, — ) M,
12.5
Vt, = DI
(60) V= Av = A0.084{, — ) IT,

(59)

(61) J = ,IS':" ( ‘|"):’

allowing 600 for V, we have
A
(62) |4 = 0.128+—

v I

3

i e [V

(63) M= n,nlu.zs('l )

The following table is adapted from the Blackmore Heating
and Ventilation Cempany for het-air farnaces.

* Manual of Heating and Ventilation, p. 69,
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TABLE No. 28.
SIZE OF CHIMNEY FLUE.

FLUE. INCHES
Diameter of grate
Inches. Square inches.

Round. Rectangular.

16 201 9
18 { 254 9
20 314 11
22 ‘ 380 11
24 452 14
26 530 14
28 615 16
30 706 16
32 | 804 16
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H. J. Barron, New York City, gives the following :

«+++ B x 8inch, rectangular flue
Chimney for a large dwelling se.es 8 X112 inch, rectanguiar fiue
Chimney for a five-story flat, 25 x 80 feet .... 12 x 12 inch, rectangular flue.
Chimney for a six-story flat, 86 x 80 feet....., 16 16 inch, rectangular flue.

Chimney for a ehurely, 400,000 cubic feet 20°% 20 inch, rectangular flue.
Chimney for a school, 100 x 100 feet 20 x 20 inch, rectangular flue.
Chimney for an office building, 100 x 100 feet. 30 x 30 inch, rectangular fiue.

The Herendeen Manufacturing Company, Geneva, N. Y.,
g_ri ve:
For grates 16 inch diameter to 22 inch diameter. . a flue 8 x '8 inches.
For grates 24 inch diameter to 26 x 34'inch rectangular a flue 8 x 12 inches.
For grates 28 x 36 to 36 x 42 inches rectangular a flue 12 x 12 inches.

For grates 36 .x 56 inches rectangular a flue 12 x 16 inches.
a flue 20 x 20 inches.

For chimneys in residences or other buildings where stoves
or hot-air heaters are used, or where a low rate of combustion
is «lesired; the writer proposes this formula, which is a very
satisfactory one.

64) K=24yVH,
where K = grate area in square feet,
A = flue area in square feet,
H = height of chimney or flue in feet.

Giving 77 the value 49, which is somewhere near the height
of house chimneys, the following table has been calculated :

HOUSE CHIMNEYS

TABLE No. 29,

CHIMNEY.

Diameter, feet, Area K, square feet, Ares A, square feet. Diameter, inches,

|

6

.80
.95
10
25
4

52
64
.76
.98
.19
.38
3.56
.74
3.90

o

.oT1 105
714
858
000
142
. 285
429
.B7

714
000
.285
57

858
.142
429
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The J. L. Mott Iron Works, from data gained during a
long experience and elose study of the subjeet, recommend the
following table and its accompanying chimney proportions as
absolutely safe.

TABLE No.

‘ BADIATING BURFACE
Sizeof housein |————— L —
cubio feet.

Bize of chimney.
Inside measure.

Square feet of direct hot Inches,

Square 0 N
e juare feet of steamn

15,000
18,000
24 000
30,000
36,000

450 to 550 300 to 350
500 to 650 350 to 450

850 to 000 ! 500 1o 600

000 L o o

|
000 to 1,200 600 to 500
200 1o 1 600 700 to 900
42 000 60010 2000 900 to 1.200
60,000 2.000 to 3 000 1.200 to 1,600
80,000 | 2.500 to 4.000 1.500 to 2,000
100,000 3.000 to 4.500 1.800 to 2.300
150,000 3.500 to 5,000 2,000 10 2,600
200,000 4.000 to 6,000 | 3.000 to 4,000
300,000 5.000 1o 8.000 4.000 to 5.000
400,000 8,000 to 12,000 5,000 to 6,500
500,000 10.000.t0 14,000 6,000 10 8,000
700,000 13,000 to 18,000 7.500 to 9.500
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No illustrations of honse chimneys are given in this work,
for the reason that, having determined the flue proportions
by engineering methods, all that remains is fo provide a neat
exterior, which is purely architectural in its demands; but the
desicuer should bear in mind-two things: first, to be plain in
the treatment of the ¢himmey top's second, build it high enough
above roofs and surrounding objeects, that there will be no
down drafts orwind eddies to eontend with.

As'in mill construction so in house eonstruction there is no
detail which plays:so important a part in the comfort of the
occupant as the chimney which gives the draft to the heating
apparatus.

It is an appurtenance which receivesbut little consideration
in many cases, the architect or engineer being very liable to

copy some one else’s proportions in preference to working out
the problem again, having determined the general flue dimen-
sions by the general rules.

House chimneys should be made as'straight as possible, and

if slicht bends oceur they should be of the same cross-seetional
area as.the straicht partyand/be made round in shape, as this
shape gives much less frictional resistance than a square
flue. “An inside flue is much better from any engineering
standpoint. than one outside of the building exposed to the
weather.

Ample area is especially.desirable in a house chimney, that
the flue may take care of the smoke of the oft kindled fire, and
area must be sufficient to counteract minimum draft.

House chimneys are usually built of brick, 4 inches thick
aronnd the flue for small chimneys, and 8 to 12 inches for very
larze chimneys

For house-heating a flue 8 % 12 or'8 x 8.is the smallest that
should be built, not because that area is necessary, bul to
overcome rouchness of construction and of cleaning. For
larce honses use not less than 12 x 16, and for steam plants
ase the writer’'s formulas and tables for anthracite coal, and
elsewhere in this volume:

All other eonditions being equal, the coal  capacity of. a
chimney varies as tlhie square root of the lieight; the difference
of temperature * within and without the flue, and the flue area.

* Absolute temperature.
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The straichter and more true the flue the more powerful
the draft will be, but there are cases where even the best con-
structed and designed chimneys may and do smoke.

Fred. Hodgson says: “Some causes of chimneys smoking
are well known and avoidable, the trouble arising perhaps
from positive ill construction, having a narrow part and angle
bend, or a downward portion in their conduit, which their
normal draft is not sufficient to overcome.

“ Others smoke because they form the shortest channel by
which the air can enter the house to supply the draft to a
higher chimney.

“When there are two chimneys in one room, or in rooms
adjacent to each other, and the doors and windows are closed
in all other rooms, the shorter will have its draft inwardly to
supply the other with a current.”

Sometimes the best constructed and most carefully de-
sigcned chimney, with regard to the building in which it is
situated, will smoke in consequence of its exit being in the
immediate neighborhood of walls, hills, or trees whose situ-
ation is such as to create at times strong eddies and cross-
currents.

In most cases, however, the addition of a few feet or so to
the height of a chimney-shaft, supposing it to be already
above the ridege of the house which it ventilates, will prove
more usefnl than any addition of those euriously contorted
and usually mon-pneumatic contrivanees that are so often
planted on the top of a smoking chimney to cure it of its
‘“cussedness.”

Apart from the questions of normal draft and of internal
rezularity of construetion, is the effect of wind on draft of
chimneys. This varies very mueh with the locality of the
house. The action-of the wind, although; of course, always
determined by physical laws, is so subtle and so delicately
affected by slicht causes, that there are many cases in which
it is impossible to foretell it.

What is more common than to have a chimney that has
been built according to the rules relating to chimneys, and
which answers its purpose perfectly well, except when the
wind is in one particular point of the compass.




168 CHIMNEY DFSIGN AND THEORY

And why does it smoke ?

To be able to reply to this question is to be able to cure
the defect ; but-how often is the difficulty regarded as insuper-
able?

The celebrated philosopher-Count Rumford paid great at-
tention to the subject of smoky chimneys.

He says: “Thoese who will take the trouble to consider the
motion and properties of elastic fluids, of air, smoke, and vapor,
and to examine the laws of their motions, and the necessary
consequences of their being rarefied by heat, will perceive that
it would be as much a miracle if smoke should not rise in a
chimney—all hinderances to its ascent being removed—as that
water should refuse to run in a siphon or to descend in a river.

“The whole mystery, therefore, of curing smoky chimneys
is comprised in this simple direction: find out and remove
those local hinderances which forcibly prevent the smoke from
following its natural tendency to go up the chimney, or rather,
to speak more aceurately, whieh prevent it beine forced up by
the pressure of the heavier air in the room.”

It is. on record that Count Rumford preseribed for and
cured more than 500 chimneys that had been given up as in-
curable; and his serviees were in constant demand whenever
he was disposed to render them.

In Sounthern Italy, the land of “ Master Builders.” all chim-
neys are built over with some sort of a roof, either arched or
run up to an-aenteangle, and so no architect ever thinks for a
moment of leaving a vertical flue open at the top to receive
the tremendous downpour of rain, which oecasionally oceurs in
that sunny land.

The covering of the ehimney; whatever it may be. has a
number of apertures in its sides for the esecape of smoke. and
these openings are so constructed that when the wind strikes
against them it receives an upward tendency, as the bottom or
lower portions of the aperture slant upward in the same manner
as a louvre board.

By this method of construction two objects are attained,
the slant carries the wind upward and thereby increases the
draft by suction, and it prevents the water from finding its way
down the flue.
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A number of mill and house chimneys have their draft im-
proved, and that to a considerable degree, by placing a blue-
stone slab or iron-plate cover above the top with abundant
side openings.

Another common cause for smoky chimneys that defies
remedy, is the rubber weather-strips on doors, and other
draft preventives, which keep all air from entering a room.

Such inlets must be allowed to exist, or special air inlets
provided if we wish our chimneys to draw; again, high trees
break up the wind currents as they come near a chimney and
thus interfere with the draft.

BUILDING A CHIMNEY.

Brick chimneys seldom receive the care in construetion
that so important a structure should have.

The best and hardest bricks are usumally put in the outer
walls of a house, and the soft bricks, or “ bats,” relegated to the
chimney.

This is folly, as will be appreciated by any one with a
knowledge of the subjeet.

Good brick may be used at the top, but it is not there that
there is danger of the fire eating through, but within the build-
ine where the soft brick have been used.

Tile flue-lining is rapidly eoming into use and rightfully,
as it makes a decidedly more eflicient chimney—being as near
as can be perfectly tight, and it does not absorb as much heat
as a brick lining.

In topping out a house chimney there is a2 great difference
of opinion as to what is the best mortar; one says one part of
lime, and four parts eement, with sand enough to work; an-
other says use only Portland cement throughout the whole
chimney. Chimneysof “ ye olden times” were laid up in sim-
ple lime mortar, and when torn down were found to be very

solidly-adbering masses; but the fuel used was mostly wood,
aud while we criticise the mason of to-day for poor lime mor-
tar, we must bear in mind that gases generated by the combus-
tion of coal are the principal destructors of chimneys, decom-
posing and destroying the life of the mortar which is employed,

o
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and causing soft brick to chip and flake, while the gases from
burning wood have scarcely any effect on a well-built chimney.

Use_only the best hard brick thronghout the chimney en-
tirely; and cement mortar, and be particular to fill the joints
full.

The writer has a decided preference for a severely plain
chimney top, avoiding all saw-tooth effects, although the top
may be drawn out a little all around, say the thickness of a
brick length greater in diameter.

On top of the brickwork place a stone coping fastened with
dowels of melted lead, and on top, in rainy elimates, put a flat,
smooth stone, supported at each corner~by small blocks of
stone: always keeping/the opening larger thau the size of flue,
so as not tosmother the draft.

Make the flue inside lining, if of brick, straight and smooth,
taking a little extra pains in this direction:

All chimneys should be inspected -annually, they should
not be permitted to get choked with soot, for two reasons:
first, a-sooty chimney will not draw well, and it is in constant

danger of firing ; second, a chimney soot-lined offers special
inducements for lightning to strike it.




ILLUS. No. 52
CHIMNEY STRUCK BY LIGHTNING, JULY
From Elee, Zeits., Grebel,

o

CHAPTER X
LIGHTNING PROTECTION

OF an octagonal chimney, 260 feet 9 inches high by 14 feet
diameter of flue at Narragansett Electric Lighting Company,
Providence, R. L. (/’,'/';/r-mr/‘/.u_l/ Record, 1891, p. 41), the cast-
iron cap is encircled with a copper ribbon 1 inch by % thick,
to which are connected by a rivet and soldered joint, eight
brass upright sockets, one in the centre of each panel of the
cap.

To these brass sockets castines are secured, by soldered
joints, 1}-inch seamless drawn-copper tubing, which extends
upward above the eap and eonforms to the shape thereof, and

after projecting 5 feet above the upper portion of the cap the

fubes are each surmounted by a brass easting 28 inches long,
tapering in section and having at its extremity a platinum
point 1% inches long

The encireling ribbon around the eap is connected to the
ground ribbon by a brass casting thoronghly riveted and sol-
dered thereto, which, as it runs down the chimney, is secured
in position by brass clamps with bolts built into the brick-
work as it progressed

The lower end of the ribbon, which is % x Linch copper,
rolled in one piece, 285 feet long, terninates in‘a eopper plate
30 inches wide by 60 inches long and % ineh thick;and is
buried 4 feet below the natural level of the water in the soil
on the premises.

The above plate is buried in a load of powdered coke, 18
inches being placed above, and 18 inches in thickness below
the plate, and the whole filled with grayel.

For the protection of briek chimneys, a platinum point or
tip is a most excellent one for the top of the rod, but its ex-
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pense sometimes prevents its use ; but for small chimneys, $50
for such a tip, about 1} inch high, is well spent, in fact, it
makes a superior tip.

Notwithstanding its extreme hardness. the writer has seen
such a point affer having been struck, bent over something

il

il
L}

ILLUS. No. 53.

like a hook, but back close on itself. Another advantage of
this metal is that it always keeps bright.

Steel or iron chimneys are never protected by rods or
otherwise, as the metal in the chimney and the bolts running
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down deep in the foundation are considered enough protection ;
the writer does not know of a single steel chimney struck by
lightning which produced any bad result, except the one
shown by Illustration No. 53, which shows the effect of a stroke
on the blast furnace chimmney of Friedrich-Wilhelms-Hiitte
at Muelheim a. d. Ruhr.

The chimney is said to have been perforated in twenty-
three places, but strange as it may seem these openings did
not materially interfere with the draft of the chimney, as
the furnace continued in blast while the repairs were being
made. (If natural draft had been in use the draft would have
been impaired.)

For lightning protection see also descriptions of other
brick chimmeys.

The following extracts are made from a paper, * Protec-
tion from Lightning,” published by the United States Army
Weather Burean.

“Trees near to ditches or water-courses taken by the deluge
of water from the higher to the lower ground were more often
struck. The same applies to building lightning-rods.

“ To prevent the discharge of the fluid the conductor should
be surrounded by points, though it often happens that light-
ning often disregards metallic surfaces altogether.

“ Erection of Rods—Few questions have been so thoroughly
discussed from practical as well as theoretical stand-points as
that of the certainty of the protection offered by properly con-
structed hightning rods.

“Use a Good Iron or Copper Conductor—If the latter, one
weighing about 6 ounces to the foot, and preferably in the
form of tape. If iron is used, and it seems to be in.every way
as efficient as copper, have it in rod or tape form, and weighing
abont 35 ounces to the foot., A sheet of copper constitutes
a conductive path for the discharge from a lightning stroke
much less impeded by self-induction than the same guantity
of copper in a more condensed form, whether tubular or
solid.’ "—Sir William Thomson.

“The nature of the loecality will determine to a great de-
gree the need of a rod. Places apart but a few miles differ
greatly in the relative frequency of flashes.
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“The very best ground you can get is, after all, for some
flashes but a very poor one ; therefore, do not imagine that you
can overdo the matter in the making of a good ground. For a
great-many flashes anordinary ground suffices, but the small
resistance of 1% ohm for an intense oscillatory flash may be dan-
rerous. | Bury the earth platesin damp earth or running water.

U If the conductor at any part of the course goes near water
or gas mains, it 18 best to'connect it to them. Wherever one
metal ramifieation approaches another it is best to conneet
them metallically.’ The neighborhood of small bore fusible
gas-pipes and indoor gas-pipes in general should be avoided. ”
(Lodge.)

“ The top of the rod should be plated or in some way pro-
tected from corrosion and rust.

* Independent grounds are preferable to water and gas
mains.

“Clusters-of points or groups of two or three along the
ridze-rod are recommended.

* Chain or linked conductors are of little use.

“Azea of Protection—VNery little faith is to be placed in the
so-called area of protection. The ecommittee that first gave
authority to this belief-considered that the area protected by
any one rod was one with a radius equal to twice the height of
the conductor from the ground. Many lightningrod manu-
facturers consider that the rod protects an area of radius equal
to the height;  The truth is that buildings are struck some-
times within this very area, and we now hold there is no such
thing as a definite protected. area.

“ Upward Motion of Stroke—There is no reason to doubt
that the discharge takes place sometimes from earth to eloud.
That is.to say. that while we now consider a lichtning flash as
something like the discharge of a condenser throungh its own
dielectrie, made up of excessively frequent alternations, say
something like 300,000 times per second, the spark or core of
incandescent air may seem to have had its beginning at the
earth’s surface. « That is to say; the air-gap breaks down first
at a point near the earth.

“[Iul}'jﬂ’rt‘n('r of Lightning to the Palh of Least Besistance.—
Nearly all treatises upon lichtning, up to within very recent
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times, assnmed that lightning always followed the path of least
resistance. ‘It is simply hopeless to pretend to be able,’ says
Lodge, ‘ to make the lichtning conductor so much the easier
path that all others are out of the question.” The path will
depend largely upon the character of the flash.

“Any part of a building, if the flash be of a certain character,
may be struck, whether there is a rod on the building or not.
Fortunately, these are exceptional instances. The great ma-
jority of flashes in our latitudes are not so intense but that a
good lightning-rod, well earthed, makes the most natural path
for the flash. We have many instances, however (not to be
confounded with cases of defective rods), where edifices seem-
ingly well protected, have been struck below the rods.

“Paradox of paradoxes, a building may be seriously dam-
aged by lightning without having been struck at all. Take the
famous Hotel de Ville of Brussels. This building was so well
protected that seientific men pronounced it the best protected
building in the world against ightning. Yet it was damaged
by fire caused by a small induced spark near escaping gas.
During the thunder-storm, some one flash started ‘surgings’ in
a piece of metal not eonnected in any way with the protective
train of metal. The building probably did not receive even a
side flash. This is, therefore, a new source of dancer from
within, and but emphasizes the necessity of connecting metal
with the rod system.

“Lightning does sometimes strike twice in the same place.
Whoever studies the effects of lightning’s action, espeeially
severe cases, 1s almost tempted to remark that there is often
but little left for the ightninge to strike again. No good reason
is known why a place that has once been struck may not be
struck again. There are many cases on record supporting the
assertion.

*“It is not judicious to stand under trees during thunder-
storms, in the doorway of barns, close to cattle, or near chim-
neys and fireplaces. On the other hand, there is not much sense
ingoing to bed or trying to insulate one’s self in feather beds
Small “articles of steel, also, do not have the power to alfract
lichtning, as it is popularly put, or defermine the path of dis-

charge.
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“ Unnecessary Alarm.—Just in advance of thunder-storms,
whether because of the varying electrical potential of the air,
or of the changing conditions of temperature, humidity, and
pressure, and. failure of the nervous organization to respond
quickly, or to whatever cause it may be due, it cannot be
denied that | there is much sufferine from depression. ete., at
these times. It is, perhaps, possible that these sufferings may
be alleviated. Apart from this, many people suffer greatly
from alarm during the prevalence of
thunder-storms, somewhat unneces-
sarily, we think.. Grant even that
the lichtning is going to strike close
in your vicinity. There are many
flashes that are of less intensity than
we 1magine, discharges that the hu-
man body could withstand withont
permanent serious effects. Voltaires
caustic witticism ¢ that there are some
great lords which it does not do to
approach too closely, and lightning
is one of these’ needs a little re-
vision in these days of high potential
oscillatory currents. Indeed, the other

Klubniatar) tip- sreighing. 100 saying, ‘Heaven has more thunders
']-‘lll‘r;:t:‘v':{:::\‘l’;ng;;sin;.;:":;m F'o illnrm. than thunderbolts to_pun-
from ground; 555 feet (169 me--1Sh,’ has just so much more point to
Stk April 5, 1885, without it." as it is nearer tlm‘ truth. One who
(!;x::}(.o A ;fur;\hkf;:cmjn;tl::;; lives to sec. the lightning flask need not
top stone, extending throngh the concern himself much about the pos-
ok iy line nearly parallel o511ty of personal injury from that

flash.

“On June 5, 1885, the Washington Monument, at Wash
ington, D. C., at that time the highest edifice in the world,
was struck by lightning, resulting in no damage. On June
5, 1885, it was again struck, leaving a crack; a commission
appointed to.investigate and recommend additional protee-
tion did so with the following results and procedure: Four
$-inch copper rods were fastened by a band to the alu-
minium terminal and led down the corners to the base

Avominioy Tip or WasHING-
TON MONUMENT.
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of the pyramidion, and then through the masonry to the
columns.

*“ As these exterior rods are each over 60 feet long, they are
also connected at two intermediate points of their lencths
with the iron columns by means of copper rods } and ¥ inch
in diameter, respectively, furnishing 16 rods in all, eonnecting
the exterior system of conductors with the interior conduct-
ing columns. Where the exterior rods upon the corners eross
the 11 highest horizontal joints of the masonry of the pyra-
midion they are connected to each other all around by other
copper rods sunk into those joints. All of these exterior rods,
couplings, and fittings are gold plated, and are studded at
every 5 feet of their lengths with copper points 3 inches in
length, gold plated and tipped with platinum. There are 200
of these points in all.”

Eight years have now passed since the alterations were
made and the monument stands nuninjured. Ungquestionably,
standing as it doees, 555 feet high, in the centre of flat, swell-
watered ground, it constitutes a most dangerous exposure for
lightning flashes. No better illustration of the value of light-
ning conductors can be asked.

The octagonal brick chimney of the Heywood Brothers &
Wiakefield Rattan Company, Wakefield, Mass., was struck by
lichtning March 5, 1899, the entire exterior shell being knocked
away, except the cap which hung from the inner shell.

The chimmey was 152 feet high, and inside a 16-foot circle
at its base.

See illustration in Power of May, 1899.




CHAPTER XI
GENERAL INFORMATION

AIR.

THE air i1s composed of nitrogen, 78.5 parts ; oxygen, 20.6;
aqueous vapor, .86, and carbonic acid; 0.4 part. Air contains
about 4 grains of moisture per cubic foot.

Air is increased in volume by elevation of temperature.
An increéased volume of a constant weicht of air, of which the
initial volume = 1 at 32° Falir., heated to a given temperature
under atmospherie pressure of 14.7 pounds per square inch,
may be found by this rule:

v - Given temperature + 461
(65) Increased volume of air = T

If the temperature be taken at 62° Fahr., as i table on
page 14, instead of 32°, the divisor is

62 + 461 = 523.

The weight of atmospheric air is .08072 pound at 32° Fahr. ;
under the pressure of one atmosphere at 62° Fahr., the weight
1s .076098.

Absolute zero being 461.2° below Fahr. zero.
Absolute temperature = 461.2 + degrees F.
In the above matter the decimal has been dropped.
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SMOKE PREVENTION.

Colonel Dullier, of the Belgian Engineers, has designed an
apparatus or device for the absorption of smoke which has
been installed at the boiler-house of the South Kensington
Museum, London, also at Glasgow, Scotland.

Tests of the latter showed in one case a reduction of the
soot in the gases from 73} grains per 100 cubic feet before
treatment to 2 grains after treatment; and in a second case,
from 23.3 to 1.5 grains.®

The products of combustion before entering the chimmey
are taken up one leg of an inverted U-shaped flue, made of
galvanized iron, being assisted in their upward course by a
steam-jet.

The jet assists in the condensation of the tarry produects,
and saturates the dust with water vapor. In descending the
second leg of the flue the products of combustion are brought
in contact with a largce number of upward ineclined water
sprays, which are intended to thoroughly wash the smoke,
moistening all partieles of dust.

The smoke and water next pass through a chamber contain-
ing a helical passage in which they are made to still further
commingle, and after all this the gases are allowed to pass
into the chimney proper, while the sulphurous wash-water is
drained off.

The draft in the flue and chimney, measured with a water-
gauge, is said to have shown no diminution after the erection
of the apparatus.i

MISCELLANEOUS,

The first mmention made of the use of coal as a fuel is in the
records of the Abbey of Peterborough, in the year 850 a.p,,
where is found an entry for twelve cart-loads of * fossil fuel.”

To fix bolts in stone-work, Dingler’'s Pulytechnic Journal
recommends a mixtare of 3 parts of sulphur with 1 part Port-
land cement as superior to either individual constituent.

If eastiiron or bluestone is used for a chimney eap, iron
clamps should not be used, according to J. L. Fitzgerald, as
they will oxidize and burst the material.

® *+ Cassiers,” December, 1897, p. 152 * Engineering Record, xxix., p. 355,
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BUILDING LAWS OF BOSTON, MASS.
Acts of 1892. T'hat Portion Relating to Chimneys.

Section. 68. No ehimney shall be corbelled from a wall
more than the thickness of the wall, nor be hung from a wall
less than twelve inches thiek, nor rest upon wood.

All ehimneys shall be built of brick, stone, or other incom-
bustible materials.

Brick chimneys shall have walls at least eight inches thiek,
unless terra-cotta flue linings arve used, in which case four
inches of brickwork may be omitted

Other chimneys shall have walls eight inches thick, and in
addition a lining of four inches of brickwork or a terra-cotta
flue-lining.

The inside of all chimneys shall have struck joints. No
wood furring shall be used against or around any chimneys,
but the plastering shall be direct on the masonry or on metal
lathing.

All chimneys shall be topped out at least four feet above
the highest point of contact with the roof.

No nail shall be driven into the masonry of any chimney.

Section 69, Flues of ranges, boilers, and other similar flues,
shall have the outSide exposed to the height of the ceiling, or
be plastered direct upon the bricks.

Section, T0. | All hearths shall be supported by trimmer
arches of brick-or stone: or be of single stones at least six
inches thick, built into the chimney and supported by iron
beams; one end of which shall be securely built into the ma-
sonry of a chimney or adjoining wall, or which shall otherwise
rest upon incombustible supports.

The briek jambs of every fireplace, range, or grate opening
shall be at least eight inches wide each, and the back of each
shall be at least eight inches thick

All hearths and trimmer arches shall be at least 12 inches
longer on either side than the width of such openings, and at
least 18 inc¢hes wide 1w front of the chimney breast.

Brick ower fireplaces and grate openings shall be sup-
ported by proper iron bars, or brick or stone arches.

Section 71. Every chimney in which soft coal or wood is
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burned, shall be carried to a height sufficient to protect
neighboring buildings from fire or smoke.

Section 72. No smoke-pipe shall project through any ex-
ternal wall or window.

No smoke-pipe shall pass throngh any wooden partition,
without a soapstone ring of the thickness of the partition,
with a ventilated air-space of not less than 4 inches around
the pipe, nor shall be placed within 8 inches of any wood
unless such wood is plastered and protected by a metal shield
2 inches distant from the wood, in which case the smoke-pipe
shall not be less than 6 inches from the wood, ete.

TABLE No. 31
PHYBICAL PROPERTIES OF MATERIALS OF MASONRY, ETC.

All stresses given in pounds per square inch.

Weight

Ultimate Modulus
Materials erashing 1"‘""'::‘" of per.
strength. | SEEOEML | o cticity, | Cubic
¥+ foot
5 - - { Max 20.500 8,100 4,000,000 Yy ..
Brick, fiatwise paving. ... ... ........ o 1 Min. 3 NS0 1,350 22000000 § 150
Paving brick, Philadeiphia specifications -
bt % {9090 5,000
Red shale 1 18,000 &,000
. g ) 5800
Yellow fireclay............ PPN, 4 20 j
' § Max 1.250 4,000,000 ) .
Hard building . 75 S -+ Mln, 300 2.000.000 | 135
Soft bullding......... ........ R o | cmse e SRR .. e 100
Concretes, 1 month old, of following compositions: *
Cement mortar, | of natural cement, 20fsand. ........ | 250teb00 . . ..., » 109
Natural cement mortar and furnace s 250 1o 5 120
Natural ctment mortar and sandstone. . .. . s | 2010600 186
Natnral cement mortar and Hmestone . ... ... .... 250 to 500 . 142
Natanil cement mortar and granite e U ) e 50 o 50 142
Natural cement mortar and trap e ceesvserna] VO BOD |, 147
Cement mortar, | of Portland cement, 2 of sand . 250 1o 500, 1 134
Portland cement mortar and furnace slag . ... ..., 20 o 500 vl S 157
Portland cement mortar and sandstone........ -~ Do 00 | .. e . 1563
Portiand cement mortar and 1imestone. . ... .....vvevun. 20 ws0|.......... cesdt. .o 159
Portiand cement mortar and granite. ... S e ot 20 o BOG . L | s 259
Portiand cement mortar and to8p. . c. oveveveennne .. ool 0600 | ... .. A e 164
| Max 24.40 2,700 13,000.000 ) ..
Granite . VN S A -3 ain,. 12000 WU 1 'i‘.’“?"“‘ { 164
< § Max 22,300 2,500 8,000,000
Limestone. . .. N RS R S R R ey S a v ey 1 2in.. 7,000 150 835,000 | 158
3 { Max 20,000 2,550 13,550,000 | ..
Marble... . .. - OO e bammosavauese 1 Min. 1,650 150 2 500,000 | 110
2 - § Max. 18,750 2,350 2,815,000 { ...
Bandstone......covvveannnanan <nmesxseveesd AR 4100 350 O | 139
2 1A e, e e T o e | e Oy R e Rl e . 000,000 174
Teap.. .= 000 +i.. .ovnes arte e e 170

* Concretes after six months will be about four tinies, and at the end of one year will be about
six to seven times as strong as at the end of the first month

—Pencoyd Iron Works, 1898.
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16mo,
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Bennett, H. G. The Manufacture of Leather............ ... “.r.-8V0;
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Wright . 8vo,
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Beveridge, J', Papermaker’s Pocket Book
Binnie, Sir A. Rainfall Reservoirs and Water Suppls
Binns, C. F. Manual of Practical Potting . . 8vo,
— The Potter’s Craft. . _ . : 12mo,
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Blaine, R. G. The Calculus and Its Apphcdtmn>
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Blucher, H. Modern Industrial Chemistry. Trans. by J. P Mlllmgton
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Booth, N. Guide to the Ring-spinning Frame 12mo,
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—— Superheaters and Superheating and Their Control 8vo,
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Bottler, M. Modern Bleaching Agents. Trans. by C. Salter 12mo,
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8vo,
Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo,
Bowles, O. Tables of Common Rocks. (Science Series No. 125.).16mo,
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Elementary Treatise on Hydro-mechanics . 12mo,
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Boycott, G. W. M. Compressed Air Work and Diving . 8vo,
Bragg; E. M. 'Marine Engine Design. 12mo,
Design of Marine Engines and Auxiliaries 8vo,
Brainard, F. R. The Sextant. (Science Series No. 101.) 16mo,
Brassey’s Naval Annual for 19is5. War Edition .8vo,
Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series No.
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Bright, C. The Life Story of Sir Charles Tilson Bright. .. 8vo,
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trial Chemistry.) .. . . 8vo,
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Brown, G. Healthy Foundations. (Science Series No. 80.) . ....16mo,
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—— History of Decorative Art. _. : ey
Workshop Wrinkles. .. .. .. e . ”;"C’x
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Bruce, E. M. Pure Food Tests . S .xzmo
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Buel, R. H. Safety Valves. (Science Series No. 21.) . . 16mo,
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Cain, W. ' Brief Course in the Calculus . .
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—— Practical Designing Retaining of Walls.. (Science Serice No. é'v!
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—— Symbolic Algebra: (Science Series No. 73:) Ay 16mo'
Carpenter, F. D. 'Geographical Surveying. (Science Series No. 37.) 16mo‘
Carpenter, R. C.;and Diederichs, H.' Internal Combustion Engines. 8vo
Carter; H. A. Ramie (Rhea), China Grass . . _ . . B xzmo'
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Casler, M. D. Simplified Reinforc e:l Cs:f:ex}u’:iigzie?xllftic}\zu,lé. bez]::]o,
(jadlCdrt, W. L. Machine Design. Part I Fastenings ., Svo’
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==V Short Course in Graphics.. . . . .. ~121N0;
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Chambers’ Mathematical Tables. _ . . - o ;@vuy
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Chappel, E. Five Figure Mathematical Tablés 3 : ”g:":;
Charnock, Mechanical Technology. .. 0 VIS SN S PR | . ~8wv
Charpentier, P. Timber. . . . 8vo’
Chatley, H. Principles and Designs of Azroplanes (Science Series,
No. 126)....... . . ‘ ; - 16mo
- How to Use Water Power . . . . - PN ; xzmo,
—— Gyrostatic Balancing. . . . ... ... ... .. .. Y Ao e 8vo:
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Child, C. D. Electrie Arc. R .8ve,
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Salter. . : .12mo,
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—— Chimney Design and Theory
— Furnace Draft. (Science Series No. 123.)
—— Water: Its Purification and Use in the Industries
Church’s Laboratory Guide. Rewritten by Edward Kinch.........
Clapham, J. H. Woolen and Worsted Industries

Clapperton, G. Practical Papermaking .
Clark, A. G. Motor Car Engineering.
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Vol. II. Design.
Clark, C. H. Marine Gas Engme
Clark, J. M. New System of Laying Out lev.:n Turnouts
Clarke, J. W., and Scott, W. Plumbing Practice.

Vol. I. Lead Working and Plumbers’ Materials

Vol. II. Sanitary Plumbing and Fittings

Vol. IIL. Practical Lead Working on Roofs
Clarkson, R, B. Elementary Electrical Engineering.
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Sixth Edition. a .(In Press.)
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Clevenger, S. R. Treatise on (he Method of Government Surveying.
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___ Treatise on Cement Specifications
Cm}-.mg, W. C. Calculations for Steel- Frame Structures. ......
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Steam Boiler Explosions. (Science

12Mm0,

Colburn, Z., and Thurston, R. H.
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Cole, R. S. Treatise on I—’howgmpluc ()pm,

Coles-Finch, W. Water, Its Origin and Use
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8vo,
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Coombs, H. A. Gear Teeth. [Science Series No. 120.) . 16mo,
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Cooper, W- R. Primary Batteries
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Cowee, G. A. Practical Safety Methods and Devices. 8vo,
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Electrical Apparatus.........._..... ... 12mo, leather,
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Creedy, F. Single Phase Commutator Motors. . ..
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Vol II. | Distributing Systems and Lamps . . _ .
Crocker, F. B., and Arendt, M. Electric Motors ) e
Crocker; F: B.; and Wheeler, S. S. The Management of Electrical Ma-
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=<l 8vo,
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. 8vo,
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De la Coux, H. The Industrial Uses of Water. Trans. by A. Morris. 8vo,
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Derr, W. L. - Block Signal Operation .. Oblong 12mo,
—=— Maintenance-of-Way Engineering . (I'n Preparation,)
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12mo,
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Draper, C. H. Elementary Text-book of Light, Heat and Sound . .12mo,
—— Heat and the Principles of Thermo-dynamics.............1zmo,

Dron, R. W. Mining Formulas ' ... ..12mo,
Dubbel, H. High Power Gas Engines. .............. S ) [
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VO,
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vo,
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Edelman, P. Inventions and Patents. .............. ...... .....12mM0,
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Ellis; G. Modern Technicall Drawing . o . TR . 8BVO,
Ennis, Wm. D. Linseed Oil and Other Seed Oils L . 8vo,
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Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science
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Fairweather, W. C. Foreign and Colonial Patent Laws . . .
Falk, M. S. Cement Mortars and Concretes..........
Fanning, J. T. Hydraulic and Water-supply Engineering
Fay,I. W. The Coal-tar Colors.
Fernbach, R. L. Glue and Gelatine . . .
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Fischer, E.. The Preparation of Organic Compounds. Trans. by R. V.
Stanford O e, ey .12mo,
Fish, J. C. L., Lettering of Working Drawings . . . e Oblong 8vo,
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Fisher, H. K. C.; and Darby, W. C. Submarine Cable Testing 8vo,
Fleischmann, 'W. |The Book of the Dairy. /Trans. by C. M. Aikman.
8vo,
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Fleury, P. Preparation and Uses of White Zine Paints. .. ... .. 8vo,
Fiyan, P. J. Flow of Water. (Science Series No. 84.) .. I2mo,
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Forgit-,']. Shield  Tunneling. . : Jnand 8vo. Press.)
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Fowle, F. F.. Overhead Transmission Lige Crossings. . 12mo,
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Fox, "W., and Thomas, C. W. Practical Course in Mechanical Draw-
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Foye, J. C. Chemical Problems. (Science Series No. 69g.) 16mo,
i Handbook of Mineralogy. (Science Series No. 86:). ......x6mo,
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Freudemacher, P.. W. ' Electrical 'Mining Installations. [Installation
Manuals Series.) .. . .. 3w I ... 12mo,

Frith, J. Alternating Current Design ...8vo,
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Garcia, A. J.R. V. Spanish-English Railway Terms . .8vo,
Gardner, H. A. Paint Researches, and Their Practical Applications,
8vo,
Garforth, W. E. Rules for Recovering Coal Mines after Explosions and
Fires. ... ... e e 12mo, leather,
Garrard, C. C. Electric Switch and Controlling Gear,...... ... .8vo,
Gaudard, J. Foundations. (Science Series No. 34.) . .16mo,
Gear, H. B, and Williams, P. F. Electric Central Station Distribution
Systems S i oty S . 8vo,
Geerligs, H. C. P. Cane Sugar and Its Manufacture . . . ... ...8vo,
Geikie, J. Structural and Field Geology . . 4R I 8vo,
—— Mountains. Their Growth. Origin and Decay — 8vo,
—— The Antiquity of Man in Europe. . o 8vo,
Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C.
Salter oL 5 o e n o 8vo,
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—— Gas Lighting  (Science Series No. x1r.) - . ... 16mo,
—— Household Wastes. (Science Series No. 97.) . 16mo,
—— House Drainage. (Science Series No. 63.) ie-ai...16mo,
—— Sanitary Drainage of Buildings: (Science Series No, 03.) 16mo,
Gerhardi, C. W. H. Electricity Meters. .., ... .. = S 8vo,
Geschwind, L. Manufacture of Alum and Sulphates. Trans. by C.
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Gibbings, A, H. 0il Fuel Equipment for Locomotives .. ..8vo0,
Gibbs, W. E. Lighting by Acetylene - .. Lol 12mo,
Gibson, A. H. Hydraulics and Its Application. ... . .. - 8vo,
—— Water Hammer in Hydraulic Pipe Lines.. ... .. _ 12mo,
Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder ato,
Gilbreth, . B. Motion Study.. ... ... .. 3 12mo;
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Rock Excavation Methods and Cost. ... 12mo,
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Gratacap, L. P. A Popular Guide to Minerals. . .. . ...8vo,
Gray, J. Electrical Influence Machines . ___ e 12mo,
—— Marine Boiler Design . e...12mO,
Greenhill, G. Dynamics of Meclmmcal Flight --...8v0,
Gregonu:., R. Mineral Waxes. Trans. by C. Salter. . . cv - .2 12010,
Grierson, R. Some Modern Methods of Ventilation. .. .......... ..8vo,
Griffiths, A. B. ' A Treatise on Manures, ... . . - AL 12mo,
Dental Metallurgy.. .. .. ... . .....8vo,
Gross; E.  Hops. . . . .8vo,
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Grover, F. Modern Gas and Oil Engines. .. . ., ... e reaeeia e VO
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4to,
Gunther, C. 0. Integration............. ... .. oo P 8VO0;
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Guy, A. E. Experiments on the Flexure oi Beams ok . : 8vo,

Haenig, A. Emery and Emery Industry . . St e =8V 0}
Hainbach, R. Pottery Decoration. Trans by C Salter . IR T IO
Hale, W. J. Calculations of General Chemistry 1 .- .12mo,
Hall, C. H. Chemistry of Paints and Paint Vehicles, .12mo,
Hall, G. L. Elementary Theory of Alternate Current kamg ..8vo,
Hall, R. H. Governors and Governing Mechanism . ... .X2mo,
Hall, W.'S. Elements of the Differential and Integral Calculus. . ... 8vo,

Descriptive Geometry : . .+ 8vo volume and a 4to atlas,
Haller, G. F., and Cunningham, E. T. The Tesla Coil
Halsey, F. A. Slide Valve Gears.. .
——— The Use of the Slide Rule. . (Science Series No. 114.
——— Worm and Spiral Gearing. . (Science Series No. 116.)
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Hancock, W. C. Refractory Materials. (Metallurgy Series.) (/5 /
Hardy, E. Elementary Principles of Graphic Statics.
Haring, H. Engineering Law.

Vol. I. Law of Contract.. . Ay
Harper, J. H. Hydraulic Tables on the Flow of Water..
Harris, S. M. Practical Topographical Surveying. ... .....
Harrison, W. B. | The Mechanics! Tool-book
Hart, J. W. External Plumbing Work .
—— Hints to Plumbers on Joint Wiping, oA
—— Principles of Hot Water Supply. .
—— Sanitary Plumbing and Dramqge
Haskins, C. H. The Galvanometer and Its Use\
Hatt, J. A. H. The Colorist 4 .. ..square 12mo,
Hausbrand, E. Drying by Means of Axr and Steam. Trans. by A. C.
i 12mo,
—— Evaporating, Condensmg and Coolmg Appdratu; Trans by A. C.
Wright. . e ; - -
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Hausmann, E. Telegraph Engineering
Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans.
by A. Morris and H. Robson....... s B0,
Hawkesworth, J. Graphical Handbook for Remforced Concrete Des;gn.
4to,
Hay, A. Continuous Current Engineering. . . v . .8VO0,
Hayes, H. V. Public Utilities, Their Cost New and Depreuatwu .8vo,
—— Public Utilities, Their Fair Present Value and Return ....8vo0,
Heath, F. H. Chemistry of Photography 8vo. (/n Press.)
Heather, H. J. S. Electrical Engineering. ... oy vt .. -8V0,
Heaviside, O. Electromagnetic Theory. Vols. I and H. 8vo, each,
VoI.III.,,....... . .8vo,
Heck, R. C. H. The Steam Engine and Turbine. . ............. .8vo,
—— Steam-Engine and Other Steam Motors. Two Volumes,
Vol. I. Thermodynamics and the Mechanics. ... ... 8vo,
Vol. II.  Form, Construction, and Working % 8vo,
—— Notes on Elementary Kinematics....... .. . . . 8vo, boards,
— — Graphics of Machine Forces.... . .8vo, boards,
Heermann, P. Dyers’ Materials. Trans. b\ A C anht . 12mo,
Heidenreich, E, L. Engineers’ Pocketbook -of Reinforced Concrete,
16mo, leather,
Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. 8vo,
Henrici, 0. Skeleton Structures.. . .. 8vo,
Hering, C., and Getman, F. H. Staudard Tables of Electro- Chmm\al
Equivalents ........ «vs s =+ 1210,
Hering, D. W. Essentials of PhysxcQ for (olle;,e btudemk e i 2 0OVO,
Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols.. .8vo,
Hering-Shaw, A. Elementary Science - . - S . ..8vo,
Herington, C. F. Powdered Coal and Fuel..............(In Press.)
Herrmann, G. The Graphical Statics of Mechanism. Trans. by A. P.
- .12mo,
Herzfeld, J. Testing of Yarns and Textile Fabrics. 8vo,
Hildebrandt, A. Airships, Past and Present...... .. PO (8
Hildenbrand, B. W. Cable-Making. (Science Series No. 32.)....16m0,
Hilditch, T. P. A Concise History of Chemistry. .. y . - 1210,
Hill, C. S. Concrete Inspection..... . 2 o -16mO;
Hill, J. W. The Purification of Public Wuler Q-upplxu New I}Iditior?).
(in Fress.
Interpretation of Water Amalysis...................(In Press.)
Hill, M. J. M. The Theory of Proportion. > : .8vo,
Hiroi, I. Plate Girder Construction. (Science Series No. g5.) 16mo,
—— Statically-Indeterminate Stresses....... s zzmo,
Hirshfeld, C. F. Engineering Thermodynamics. Qucnn Senes No. 45.)
16mo,
Hoar, A. The Submarine Torpedo Boat ’ . -12IM0,
Hobart, H. M. Heavy Electrical Engineering oo N8 .. .8Y0,
DE\.I gn of Static Transformers. ... als L .12mo,
Electricity. P | O .. : crmea e raan BVO,
- Electric Tmms . 5a ; e e e e 8vo,
- Electric Propulsien of Shms .. St 0
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Hobart, J. F. Hard Soldering, Soft Soldering and Brazing. .. .. .1zmo,
Hobbs, W. R. P. The Arithmetic of Electrical Measurements. . . .12me,
Hoff, J. N. Paint and Varnish Facts and Formulas. . . . vs ... .12mO0,
Hole, W. The Distribution of Gas. 8vo,
Holley, A. L. Railway Practice s .folio,
Hopkins, N. M. Model Engines and bmall [‘n-t~ =ik 1210,
Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic Electricity.

(Science Series No, 77.). .. .. w. ... . R :c‘.m-o,
Horner, J. Practical Ironfounding. /.. . 8vo,
—— Gear Cutting, in Theory and Practice.. . . eaasi BVO,
Houghton, C. E. Iht Elements of Mmh*n cs-of ‘Jau erials .. .12mM0,
Houstoun, R. A. Studies in Light Productions. . .. . 1210,
Hovenden, F. Practical Mathematics for Young Engineers 121110,
Howe, G. Mathematics for the Practical Man . . . g 12mo,
Howorth,(J. Repairing and Riveting Glass, China and Earthenware.

8vo, paper,

Hoyt, W. E. Chemistry by Experimentation ; 8vao,
Hubbard, E.  The Utilization of Wood-waste o 8vo,
Hiubner, J. Bleaching and Dyeing of Vegetable and Fi hr.mx Materials,
(Outlines of Industrial Chemistry.) . . . e SV O,
Hudson, O. F. Iron and Steel. (Outlines of Induwl' al (hc mistry.).8vo,
Humphrey, J. C. W. Metallography of Strain. (Metallurgy ries.)

Humphreys, A. C. The Business Features of Engineeri
Hunter, A. Bridge Work. S b
Hurst, G. H. Handbook of the Tncm\ of (,ul(»r
— Dictionary of Chemicals and Raw Products
— Lubricating Oils, Fats and Greases
—— Soaps. . LT N -~
Hurst, /G. H., and Simmons, W. H." Textile S aps an d Oils......
Hurst, H:(E,, 'and Eattey, R.T. Text-bovk of Physics
Also published in three parts.
Part 1I. Dynamics and Heat
Part TI. Sound and Light
Part III. Magnetism and Electricity. ! By
Hutchinson, R. W., Jr. Long Distance Electric Po\\ er Tmnxnncqton.

¥ 210,
Hutchinson, R. W, Jr., and Thomas, W. A. Electricity in Mining 12110,
(In Press.)

Hutchinson, W. B. Patents and How to Make Money Out of Them,

12mo,
Hutton, W. S. The Works’ Manager’s Handbook c 8vo,

Hyde; E. W.  Skew Arches. {Science Series No. 15.) .. .. . . 1bmo,
Hyde, F. S. Solvents, Oils, Gums, Waxes : z

Induction Coils. (Science Series No. 53.) ...16mo,
Ingham, A. E. Gearing. A practical treatise
Ingle, H. Manual of Agricultural Chemistry. . . .
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Inness, C. H. Problems in Machine Design. .. .. .. S0 12mo,
—— Air Compressors and Blowing Engines . .I2mo,
—— Centrifugal Pumps L 12mo,
—— The Fan i . 12mo,

Jacob, A., and Gould, E. S. On the Designing and Construction of
Storage Reservoirs. (Science Series No. 6). 3 16mo,
Jannettaz, E. Guide to the Determination of Rocks. Trans. by G. W.
Plympton 12110,
Jehl, F. Manufacture of Carbons 8vo,
Jennings, A.S. Commercial Paints and Painting. (Westminster Series.)

Jennison, F. H. The Manufacture of Lake Pigments.
Jepson, G. Cams and the Principles of their Construction
Mechanical Drawing . «:8vo (In Preparal
Jervis-Smith, F. J. Dynamometers I -
Jockin, W. An:hnuhc of the Gold and Silversmith . . . 1210,
Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation
Manuals Series.) 1210,
Johnson, T. M. Ship Wiring and Fxmn;, ‘In>t.1llatzon Mxm uils Series,
12mo,
Johnson, W. McA. The Metallurgy of Nickel {In Preparatior
Johnston, J. F. W., and Cameron, C. Elements of Agricultural C hcmw'ry
and Geology. . . . 12mo,
Joly, J. Radioactivity and (unlogy - 12mo,
Jones, H. C. Electrical Nature of Matter and Radmactwm .. .12M0,
—— Nature of Solution S o - 8vo,
New Era in Chemistry 13 — . . ; 12mo,
Jones, J. H. Tinplate Industry o | eavs 8vo,
Jones, M. W. Testing Raw Materials Used in Paint. . .. ... 12mo,
Jordan, L. C. Practical Railway Spiral 12mo, leather,
Joynson, F. H. Designing and Construction of Machine Gearing . 8vo,
Juptner, H. F. V. Siderology: The Science of Iron - 8vo,

Kapp, G. | Alternate Carrent Machinery. = (Science Series No. 96.).16mo,
Kapper, F. Overthead Transmission Lines. ... ... .. | 4to,
Keim, A. W. Prevention of Dampness in Buildings . . . 8vo,
Keller,S.S. Mathematics for Engineering Students. 12mo, half leather.
-and Knox, W. E. Analytical Geometry and Calculus
Kelsey, W, R. Continuous-current Dynamos and Motors. . . 8vo,
Kemble, W. T,, and Underhill, C.R. = The Periodic Law and the Hydrogen
Spectrum. . . . . L A 8vo, paper,
Kemp, J. F. Handbook of Rock:, - . 8vo,
Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery.
Science Series No. 54.) 10mo,
Kennedy, A. B. W., Unwin, W. C,, and Idell, F. E. Compressed Air.
(Science Series No. 106.) . . .. Tk e 16mo,
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Kennedy, R. Electrical Installations. Five Volumes.............ato,
Single Volumes

—— Flying Machines; Pracnce :md Desngn

—— Principles of Aeroplane Construction

Kennelly, A. E.  Electro-dynamic Machinery

Kent, W. Strength of Materials. (Science Series No. 41.) .

Kershaw, J. B. C. Fuel, Water and Gas Analysis.

—— Electrometallurgy. (Westminster Series.)

—— The Electric Furnace in Iron and Steel Production
—— Electro-Thermal Methods of Iron and Steel Production. .. .8vo,

Kindelan, J. Trackman's Helper........ e ) s .12mo,
Kinzbrunner, C. Alternate Current Windings .. -8V0,
— Continuous Current Armatures Tk A% o 8vo,
-— Testing of Alternating Current Machines . ... . .8vo,
Kirkaldy, A.. W, and Evans, A. D.  History and Economics of
Transpon ? . .8vo,
Kirkaldy, W G. David Kirkaldy's System of Mmhamcﬂ Te\tmg 4to,
Kirkbride, J. Engraving for Illustration . B e Al 37T
Kirkham, J. E. | Structural Engineering........, g Ao G A1)
Kirkwood, J. P. Filtration of River Waters
Kirschke, A.- Gas and Oil Engines L. .. .I2mo,
Klein, J. E. Design of 2 High-speed Steam-engine . .8v0,
Physical Significance of Entropy ¥ 2 i s RONIS VO,
Klingenberg, G. Large Electric Power Stations P 4to,
Knight,»R.-Adm. A. M.~ Modern Seamanship . . . ...Bvo,
Knott, C. G.; and Mackay, J.'S. Practical Mathematics .- .8vo,
Knox, G. D. Spirit of the Soi R it <4 ea 12O,
Kn\,.\, J. "Physico-Chemical (.,u]\ll.’luul’!\ - +..T2IM0,
Fization of Atmospheric Nitrogen. (Chemi x.;l '\‘I-mx, _.xph\ ) .12mo,
Koester, F. Steam-Electric Power Plants .. ... ol . - .4t0,
—— Hydroelectric Developments and Engineering : 4to,
Koller, T. The Utilization of Waste Products.... : v et <8VD,
- Cosmetics B P -y . ...8v0,
Koppe, S: W- Glycumc.”..,.....,. AT A A sresmmey 205
Kozmin, P. A. Flour Milling. Trans. by M. Falkner. .8vo. (/n Fress
Kremann, R. Application of the Physico-Chemical Theory to
nical Pxorvwec and Manufacturing Metheds. Trans.

Kretchmar, K. Yarn and Warp Sizing. -

Lallier, E. V. Elementary Manual of the Steam Engine
Lambert, T. Lead and Its Compounds
—— Bone Products and Manures
Lamborn, L. L. Cottonseed Products
—— Modern Soaps, Candles; and Glycerin :
Lamprecht, R. Recovery Work After Pit Fires. Trans. by C. Salter
Lancaster, M. Electric Cooking, Heating and Cleaning
Lanchester, F. W. Aerial Flight
Vol. I. Aerodynamics
Vol. II. Aerodonetics

Two Volumes. 8vo.
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Lanchester, F. W. The Flying Machine
Lange, K. R. By-Products of Coal-Gas Manufacture.
Larner, E. T. Principles of Alternating Currents
La Rue, B. F. Swing Bridges. (Science Series No. 107.)
Lassar-Cohn. Dr. Modern Scientific Chemistry. Trans.
Pattison Muir 3 o .
Latimer, L. H., Field, C. J., and Howell, J. W. lncand@um Elecmc
Lighting. (Science Series No. 57.) 16mo,
Latta, M. N. Handbook of American Gas-Engineering Practice 8vo,
—— American Producer Gas Practice . 4to,
Laws, B. C. Stability and Equilibrium of Floating Bodies...... .8vo,
Lawson, W. R. British Railways. A Financial and Commercial
Survey . ..« :8v0,
Leask, A. R. Breakdowns at Sea o . 120,
——— Refrigerating Machinery : e - 12mo,
Lecky, S. T. S. “Wrinkles” in Practical Nayigation. ..., 8vo,
Le Doux, M. Ice-Making Machines. (Science Series No. 46.). 16mo,
Leeds, C. C. Mechanical Drawing for Trade Schools oblong ato,
—— Mechanical Drawing for High and Vocational Schools 4to,
Lefévre, L.-vArchitectural Pottery. Trans. by H: K: Bird and W. M.
Binns » 4to,
Lehner, S. Ink Manufacture. Tr.ms by A. Mnrns and H. Robson 8vo,
Lemstrom, S. Electricity in Agriculture and Herticulture ...8v0,
Letts, E. A. Fundamental Problems in Chemistry 8vo,
Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.)16mo,

Lewes, V. B. Ligquid and Gaseous Fuels. (Westminster Series.). .8vo,

—— Carbonization of Coal . 8vo,
Lewis, L. P. Railway Signal Engineering = : 8vo,
Lewis Automatic Machine Rifle; Operation of. ... 16mo,
Licks, H. E. Recreations in Mathematics g 12mo,
Lieber, B. F.. Lieber's Five Letter Standard Telf"rrdphn Code. . .8vo,

Code. German Edition L : : 8vo,
—— —— Spanish Edition 2 4 8vo,
— —— French Edition. . . - 8vo,
Terminal Index 8vo,
— Lieber’s Appendix - r folio,
—— —— Handy Tables 4. % : 4to,
—— Bankers and Stockbrokers’ (ode and Merchants/ and ‘Shippers’
Blank Tables 8vo,
100,000,000 Combination Code 8vo,
Engineering Code 8vo,
Livermore, V. P., and Williams, J. How to Become a Competent Motor-
man. ... y 12mo,

Livingstone, R. Design and Cunsfru tion of Commutators 8vo,

Mechanical Dcswn and Construction of Génerators 8vo,
Lloyd, S. L. Fertilizer Materials . (fn Press.)
Lobben, P. Machinists' and Draftsmen’s Handbr)ul' . .8vo,
Lockwood, T D. Electricity, Magnetism, and Electro-telegraph 8vo,

— Electrical Measurement and the Galvanometer . 12mo,
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‘Lodge, O. J. Elementary Mechanics.

—— Signalling Across Space without \Vu—ts
Loe“cn\tcm L. C,, and Crissey, C. P. Centrif ugal
Lomax, J. W. Cotton Spir ming

Lord, R. T. Decorative and Fancy Fabrics

Loring, ACE. A Handbook of the Electromagnetic T

~— Handbook.  (Science Series No. 30.
Loyell, D. H. Practical Switchworik

Low, D. A. Applied Méchanics { Elementary
Lubschez, B. J. Perspective

Lucke, C. E.-"Gas Engine De:

— Power Plants: Design, Lﬁll.ltn(,\. :md Povwr Costs.

L('rhw\h M. Color and Its Application
e‘and Their Application
Coal-tar and Ammonia. Three \u]._
— Technical ‘Gas An 1dly

Pumps

elegraph

—— Manufacture of Stlphuric Acid and Alkali.  Four \olumm

Vol. I. ‘Sulphuric Acid. In three parts
Vol. 1. Suv} le ment.
Vol. II.
parts 3
Vol. III. Ammonia Seda
Vol. IV., Electrolytic Methods
-— — Fechnical €hemists’ Handbook .

~— Technical Methods of Chemieal Analysis. Trans,

CATALOG

120,
.8vo,

121mo,
Bvo,
1omo
ibm,
12mo,
16mo,
I2mo,

3vo,

2 vols.

12mo, leather,
by C. A. Keane

in collaboration with the corps of specialists.

Vol. 1. In fwo parts. |

Vol II. /In two parts
Vel. III., In two parts

The set' (3 vols.)  complete. .
Luquer, L. M. Minerals in Rock Sections

Macewen, H. A, Food Inspection . :
Mackenzie, N. F. Notes on Irrigation Wor
Mackie, J. How tosMake a Woolen Mill Pay

Maguite, Wm. R. «Domestic Sanitary Drainage and I’Iumbm\’

Maicolm, C. "W “Textbook on Graphic Statics
Malcolm, H. W. Submarine Telegraph Cable

Mallet, A. Compouml Engines. Trans. by R. R. Buel.

No. 10.

Mansfield, A. N. Elec"o magnets., (Science Series No. 64:)

Marks, E. €. R.. Construction of Cranes and Lifting
—— Construction and Working of Pumps
-— Manufacture of Iron and Steel Tubes
- Mechanical Engineering Materials
Marks, G. C. Hydraulic Power Engineering .
-— Inventions, Patents and Designs

Machinery

Marlow, T. G. Drying Machinery and Practice. . . . .

.8vo,

8vo,
.8vo,

8vo,

ress. )

Science Series

ibmo,
16mo,
12mo,
12Mmo,
12mo,
12mo,

8vo,

12mo,
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Marsh, C. F. Concise Treatise on Reinforced Concrete .. . 8vo,
—— Reinforced Concrete Compression Mc'nbcr Diagram. Mounted on
Cloth Boards ;
Marsh, C. F., and Dunn, W, Manual r-f Reinforced Concrete and Con-
crete Block Construction . .1bmo, morocco,
Marshall, W. J., and Sankey, H.R. Gas Engines. (Westminster Series.
8vo,
Martin, G. Triumphs and Wonders of Modern Chemistry
—— Modern Chemistry and Its Wonders. . Saa o S oe ey e e el R BV O
Martin, N. Properties and Design of Reinforced Concrete. . _ _ 12mo,
Martin, W. D. Hints to Engineers. . . o 12mo,
Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony
12mo,
Mathot, R. E. Internal Combustion E ngines - e 8vo,
Maurice, W. Electric Bl: asting Apparatus and E\nln\zv 8vo,
— Shm Firer’s Guide e - v 8vo,
Maxwell, J. C. Matter and Mmlon. (Science Series No. 36.).
1ome,
Maxwell, W. H., and Brown, J-T. Encyclopedia of Municipal and Sani-
tary Engineering ols 4to,
Mayer, A. M. Lecture Notes on Ph\slc~ 8vo,
Mayer, C., and Slippy, 3 C. 1e’x;»l.one Line Construction 8vo,
McCullough, E. Practical Surv yingoo.. . 12Mmo,
Engineering  Work in Cities : ‘owns i 8vo,
—— Reinforced Concrete v SR 12mo,
McCullough, R. S. Mechanical The eory of }{P.n S 8vo,
McGibbon, W. C. Indicator Di lagrams for Marine Engineers 8vo,
—— Marine Engineers’ Drz awing "BOoleY. .. .. ... . 50t . oblong 4to,
Mcintosh, J. G. Technology of Sugar. .... : 8vo,
—— Industrial Alcohol .
—— Manufacture of Varnishes .md Kmdrcd Industries. Three Volumes.
8vo.
Vol. L. Oil Crushing, Refining and Boiling. .
Vol. II. Varnish Materials and Oil Varnish Making
Vol. III. Spirit Varnishes.and Materials
McKnight; J. D.; and Brown, A.'W.  Marine Multitubular Boilers N
McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. z0.)
16mo,
McMechen, F. L. Tests for Ores, Minerals and Metals 12mo,
McPherson, J. A. Water-works Distribution . . .. 8vo,
Meade, A. Modern Gas Works Practice. .. ; 8vo,
McGibbon, Wi C.  Marine Engineers Pockethook . : 12mo,
Meade, R K. Design and Equipiient of Small Chemical La aboratories,
w.o,
Melick, C. W. Dairy Laboratory Guide. 12mo,
Mensch L. J. Reinforced Concrete Pockm Book ; 16mo, leather,
Merck, E. Chemical Reagents: Their Purity and Tests. Trans. by
H. E. Schenck. ... 8vo,
Meriva'e, J. H. Notes and Formulae "r)r V[ ning Students 12mo,
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Merritt, Wm. H. Field Testing for Gold and Silver 16mo, leather,

Mierzinski, S. Waterproofing of Fabrics. Trans. by A. Morris and H.
Robson . 4 00 8 ! 8vo,

Miessner, B. F. Radxo Dynamxus : 12100,

Miller, G. A. Determinants. (Science Series No ro5.) .. .16mo,

Milter, W. J. Introduction to Historical Geology

Milroy, M. E. W. Home Lace-making Sene

Mills, C. N. Elementary Mechanics for Engineers

Mitchell, C. A, Mineral and Aerated Waters. ... :

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied
Indusmes . 8vo,

Mitchell, C. F., and 6 A Bunldmg (,onstrucuon aud Drdmng 12mo.

Elementary Course
Advanced Course

Monckton, C. C. E. Radnote[egraphy (Westminster Series.) 8vo,

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish-
English Technical Terms, . . . . ..64mo, leather,
Montgomery, J H. | Electrie Wiring Spcuﬁcatlons .. ...16mo0,
Moore, E. C. S. New Tables for the Complete Solution of (jangujll(t and

Kuttor" Formula.. .. . ... . 8vo,

Morecroft, J. H., and Hehre, F. W. %hurt (.nune in Elwmca] Testing.
8va,

Morgan; A. P. Wireless Telegraph Apparatus for Amateurs 12m0,
Moses, A. J.. The Characters of Crystals. . ... /. .. .. 8vo,
——and Parsons, C. L: Elements of Mineralogy. . ‘ 8vo0,
Moss, S.A. Elements of Gas Engine Design.(Science Series No.121.)16mo,
— The Lay-out of Corliss Valve Gears. (Science Series No. 11g.)16mo,
Mulford, A. C. Boundaries and Landmarks 12mo,
Mullin, J. P., Modern Moulding and Pattern-making . . . . 12Mo,
Munby, A.-E. Chemisiry.and Physics of Building Materials. (West-
minster Series.). - 8vo,
Murphy, J. G. Practical Mining 16mo,
Murray, J. A, Soils and Manures. (Westmmster Series.) 8vo,

Nasmith, J. The Student’s Cotton Spinning. ., .. .. ... ... 8vo,
Recent Cotton Mill Construction. .. .... 12mMo,
Neave, G. B., and Heilbron, I. M. Idennﬁcauon of Oraamc Compounds.
120,

Neilson, R. M. Aeroplane Patents. .. Sarars 8vo,
Nerz, F. Searchlights: Trans. by C. Rodgers. . . 8vo,
Neubergery; H.; and Noalhat, H. Technology of Petroleum.  Trans. by
J. G. MclIntosh . ... .. o 8vo,

Newall; J. W. Drawing, Sizing °nd Cumng Bev el—"ean 8vo,
Newell, F. H,, and Drayer, C. E. Engineering as a Career. .12mo, cloth,
paper,
Newbeging, T. Handbook for Gas Engineers and Managers 8vo,
Nicol, G. Ship Construction and Calculations. . STt ...8vo,
Nl-\her, F. E. Theory of Magnetic Measurements. . . 12mo,
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Nisbet, H. Grammar of Textile Design...........cc..oooo......8V0,
Nolan, H. The Telescope. (Science Series No. 51.). .. 16mo,
North, H. B. Laboratory Experiments in General Chemistry. . L1210,
Nugent, E. Treatise on Optics. . . . .. ...T2MO0,

O’Connor, H. The Gas Engineer’s Pocketbook . . . . . 12mo, leather,
Obm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by

William Francis. (Science Series No. 102.) 16mo,
Olsen, J. C. Text-book of Quantitative Chemical Analysns .- .- .8V0,
Olsson, A. Motor Control, in Turret Turning and Gun Eleyating. (U. S.

Navy Electrical Series, No. 1.) . .121INn0, paper,
Ormsby, M. T. M. Surveying....... .. .12mo,

Oudin, M. A. Standard Polyphase Apparatus and byatems . .8vo,
Cwen, D. Recent Physical Research. UL By Oy

Pakes, W. C. C,, and Nankivell, A. T. The Science of Hygiene . .8vo,
Palaz, A. Industrial Photometry. Trans. by G. W. Patterson, Jr. . 8vo,
Pamely, C. Colliery Manager's Handbook : . L Byoy
Parker, P. A. M. The Control of Water
Parr, G. D. A. Electrical Engineering Measuring Instruments. .. 8vo,
Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes,
(In Press.)
—— Foods and Drugs. Two Volumes.
Vol. I. Chemical and Microscopical Analysis of Foods and Drugs.
Vol.II. Sale of Food and Drugs Act
and Coste, J. H. Chemi:\-try of Pigments. ..
Parry, L.
Metalliferous Wastes 3
—— Analysis of Ashes and Alloysn S araTerers
Parry, L. A. Risk and Dangers of Various Occupations. .. ...
Parshall, H. F., and Hobart, H, M. Armature Windings. .
—— Electric Railway Engineering. .
Parsons, J. L. Land Drainage
Parsons, S. J. Malleable Cast Iron. .
Partington, J. R. Higher Mathematics for Chemlcal %tudentq .
—— Textbook of Thermodynamics. .. ... - 35
Passmore, A. C. Technical Terms Used in Archltec(ure
Patchell, W. H. Electric Power in Mines. ...
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trial Chemistry) AT ... -8V0,
Practical Compounding of Oils, Tallow and Grease 8vo,
Pratt, K. Boiler Draught . Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades 8vo,
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~—— Dredging. A Practical Treatise 8vo, Reed’s Engineers’ Handbook. . . A oHies 8\0
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oblong, 4to, boards,
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Smith, C. F. Practical Alternating Currents and Testing
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-Maintenance of Way Standards.. : .
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Stevens, J. S. Theory of Measuremernits 3 :::m;
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Stewart, G. Modern Steam Traps. . 3 120
S;(iles. A. Tables for Field Engineers : xzmo’
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o5 8vo,
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Sur, F. J. S. 0il Prospecting and Extracting
Svenson, C. L. Handbook on Piping........
Swan, K. Patents; Designs and Trade Marks. (Westminster Series.).
8vo,
Swinburne, J., Wordingham, €. H., and Martin, T. C. Electric Currents.
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Swoope, C. W. Lessons in Practical Eleclncnty s eiie i eeap s T2TTH0

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics. .. .. 8ve,
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Taylor, F. N.  Small Water Supp]'ex AN A0 W . 12mo,

- Masonry in Civil Engineering............ : 8vo,

Taylor, B. - U. Surveyor’s Handbdok...... . ..... ... 12mo, leather,

— Backbone of Perspective. ... .. d et gl v .. .12M0,

Taylor, W. P. Practical’ Cement Testing d L e ...8vo,
Templeton, W. Practical Mechanic’'s Workshop Companion.

L 12mo, MOoroceo,

Tenney, E. H. Test Methods for Steam Power Plants. Van

Nostrand’s Textbooks.) ...... T o Bt S12mo,

Terry, H. L. India Rubber and its Manufacture.. (Westminster Series.)

Thayer, H. R.. Structural Design. 8vo.
Vol.« L. Elements of Structural Designie. .. ...
Vol. II.« Design of Simple Structures.. . - :
Vol. III. Design of Advanced Structures: . .(In Preparation.)
Foundations and Masonry. ... ... (In Preparation.)
Thiess, _I B., and Joy, G. A. - Toll Tfl:phnne Practice .8vo,
Thom, C., and Jones, W. H. Telegraphic Connections.. . .oblong, ¥2mo,
Thomas, C. W. Paper-makers’ Handbook - .(I'n. Press.)
Thompson, A. B. Oil Fields of Russia
—— 0il Field Development
Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.)
16mo,
Thompson, W. P. Handbook of Patent Law of All Countries. . . .. 16mo,
Thomson; G. Modern. Sanitary Engineering. ... .. ] 2 D0
Thomson, G. Si° Milk and Cream Testing 12mo,
— Modern Sanitary Engineering, House Drainage, efc. v .8v0,
Thornley, T. Cotton Combing Machines. . . : 8vo,
Cotton Waste 8vo,
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First Year
Second Year
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Thurso, J. W. Modu’n Turbme Practice : 8vo,
Tidy, C. Meymott. Treatmentof Sewage. (Science Series No. g4.)16mo
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HughS LA VIOrI S Mt - S 8vo,
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Titherley, A. W. Laboratory Course of Orgamc Chemlstry
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Tizard, H. T. Indicators . i Press)
Toch, M. Chemistry and Technology of Paints 8vo,
—— Materials for Permanent Painting 12mMo0.
Tod, J., and McGibbon, W. C. Marine Engineers’ Board of Trade
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Todd, J, and Whall, W_ B. Pzartual SQJmamlnp e e 8vo,
Tonge, J. Coal. (Westminster Series.) Ve 8vo,
Townsend, F. Alternating Current Engineering. . . ... 8vo, boards,
Townsend, J. S. Ionization of Gases by Collision 8vo,
Transactions of the American Institute of Chemical Engineers, Svo.
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Traverse Tables. (Science Series No. 115.) . . 16mo,
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Treiber, E. Foundry Machinery. Trans. by C. Salter ’ 12mo,

Trinks, W,, and Housum, C. Shaft Governors. (Science Series No. 122.)
16mo,
Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) .16mo,
Tucker, J. H. A Manual of Sugar Analysis 8vo,
Tunner, P. A. Treatise on Roll-turning. Trans. by J. B. Pearse.
8vo, text and folio atlas,
Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound
Steam-engine. (Science Series No. 8.) . 16mo,
Turner, H. Worsted Spinners’ Handbook . : 12mo,
Turrill, S. M. Elementary Course in Perspective 12mo,
Twyford, H. B. Purchasing ] 8vo,
Tyrrell, H. G. * Design and Construction of Mill Buildings 8vo,
— — Concrete Bridges and Culverts e 16mo, leather,
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Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind-

ings. .. 12mo,
Underwood, N., and Sullivan, T. V. Chemistry and Technology of
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Urquhart, J. W. Electro-plating, SAc e o 12m0,
—— Electrotyping 1210,
Usborne, P. O. G. Design of Simple Steel Bridges 8vo,

Vacher, F. Food Inspector’s Handbook . 12mo,
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Van Wagenen, T. F. Manual of Hydraulic Mining 16mo,
Vega, Baron Von. Logarithmic Tables 8vo, cloth,
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Vincent, C. Ammonia and its Compounds. Trans. by M. J. Salter 8vo,
Volk, C. Haulage and Winding Appliances 8vo,
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