DESIGN OF A 756 H, P, A, S, M, E
STANDARD MULT I‘TUEULAR Bb ILfIR .ﬂ
BY
H. P, RICHARDS,
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FROBLEM FOR THESIS,

Design for a 75 H., P. (A. S. M. E standard) horizontal
miltitubular boiler. A Oy
Workihg pressure if 100 pouhds per sq. inch,
Test pressure is 150 pounds per sq, in'ch.

Length of tubes, 15 feet which is not to. excee& 60 diameter
the heating surface to be about 37 times the grate .surface; the
steam space about one-half the water space; and the tube area
between one-seventh and one-eighth the grate area,
The boiler is to be supplied with two steam outlets for
- five inch pipes, & hand hole four by six inches (4" x 6") at the
bottom of each tube sheet, and a man hole eleven by fifteen inches -
(11" x 15") inside.
Provision’s are also to be made for the attachment of a
one and one-fourth (1-1/4") inch feed pipe and a two (2") inch blow
off pipe,

,The reach of the riveting machine is six feet, six inches
G = ge),

| GRATE AREA.

The A, S. M, E standard requi.res that 34,5 pounds of water
per hour, shall ‘be ’evalporat.ed from and at 212°F for> each H, P,
log 75 = 1.,875061

log 34,5 =_1.537819
3,412880

anti log 3.,412880 = 2587.5 pounds
This gives the number of pounds of water evaporated per
hour, from and at 212°F, for a 75 H. P, boiler,

With an equivalent evaporation of 9 pounds of water per

Pound of coal; the coal burned per hour will be-
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=

log 2587.5 = 3,41288

= 1,04576
2.45864

co log 9

Anti log 2.45864 = 287.5 pounds.
With a rate of combustion of lé pounds of ﬁoal per
smmre.foot of grate surface, the grate area must be:
log 287.5 = 2.45864

= 2,92082
1.37946

Colog 12

Anti'loz 1,37946 = 23,958 square feet,
TUBES. | .
In the problem, the length of the tubes is 15 feéet which
is not to exceed 60 diameters, This gives for the external diameter
of the tubes 3 inches,
For a 3 inch tube, the external area is 7.07 square
inches, and 6,08 square inches for tﬁa internal araé.
The internal circumference is 8,74 inches, and the ex-
ternal circumference is 9,42 inches. :
Let the area thfu the tubes be chosen as $%3 of the
grate area, equal to r

log 23,95 = 1,37946
log 144

= 2,15836
colog 7.5 = 1,12494

Anti-log 2,66276 = 460 square inches

Since the area thru one tube is 6,08 square inches,

there will be required:

log 460 = 2,66276

colog 6,08 = 1,21610
: 1.87886

Anti=log 1.87886 = 75,66 tube

therefore use 76 tubes.

i



STEAM SPACE. |

Taking ,85 cu. ft. of steam per H, P. we have, for the
gteam space, e

.85 x 75 = 63,75 cu. £t,

DIAMETER OF BOILER..

The steam space is to be 1/2 the water space, The steam
space, water space, and the space occupied by the tubeslmakes up
the total contents of the boiler, Now there are 76 tubes, 3 inches
in diameter and 15 feet long, Thé area of the external transverse
section has been found to be 5.07 square inches, the space occupied
by the tubes 1s consequently:

log 76 = 1,88081

log 7.07
log 15
colog 144

= 0,64942
= 1,17609

=

3,84164

"3752356
Antilog 1, 74796 = 55,95 cubic feet
The total space in the b011er is

55.95 + 63,75 + 127.5 = 247,2 cubic fest,
whe?e ’ : , '
55.95 cubic feet = tube space
63;75 h * = gteam "
127;5 b % ‘= water "
The cylihder is 15 feet long, so its transverse area is:

log 247.2 = 2,39305

colog 15 = 2,82391
1.21696
Anti-log 1.21696 = 16,48 square feet.

This corresponds to a diameter of 54,96 inches, but I

‘

took 58 inches as the diameter of the boiler.
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HEATING SURFACE,

The heating surface of a cy}indrical tubular boiler con-
sigts of all the shell below the supports at the side wall, all the
inside of the tubes, and part of the rear tube plate, Usually half
of the cylindrical part of the shell is heating surfaée. In this
case the heating surface exclusive of the tube plate, wiil amount to:
SHELL:

log .5 = 1.69897
log 5.14i6 = 0,49715

loé 58 = 1;76343

log 15 = 1.17609

colog 12 = 2,92082
2.,05646

Anti-log 2.,05646 = 113,87 square feet,
TUBEs; | ;
log 76 = 1.88081
log 8.74 = 0.54151
log 15 = 1,17609

colog 12 = 2,92082
2.91923

Anti-log 2.91923 = 830.29 square feet,

The total heating surface exclusive of the tube plateris:

830.29 + 113.87 = 944,16 square feet,

The heating sufface is fo beaaboﬁt 37 times the.grate
surface, I find that the relation bétween the heating surface and
grate surface is: |

944,16: 25,96 :: x : 1
' X = 39.4

This gives the heating surface 39.4 times the grate surface.
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WATER LEVEL,

It is now necessary to detarﬁine the position of the water
level to see if there will be sufficient free-water surface and
gufficient distance from the water level, to the shell above it.
Since the whole boiler is c¢ylindrical, the area of thé
head of the boiler exposed to steam and to water will have the same
ratio as that of the steam space to the water space, Consequently
the area of the head above the water-level must be 173 of the total
aréa of the head less the combined areas of the tubes.
The area of a circle that has a diameter of 58 inches is
2642 inches.
The area of 76 tubes, each having an external cross sec-
tion of 7,07 will Dbe:

76 x 7.07 = 537.32 square inches,
The area of the head oxpos?d to steam is; -

2642.08 - 537,32 = 2104.76

1/3 x 2104,76 = 701,58 square inches,
The height of a segmaht of a 58 inch circle, wﬂich has
the area of 701.58 square inches.
The height is:

log 701.58 = 2,84608

colog 58' = 5;23657

colog 58 = 2,23657
1.31922

Anti-log 1.31922 = .2088
The ratio of the height to the diameter is .311l, The
feight of the segment is,
58 x ,311 = 18,038 inches

The water level will be;

29 - 18,038 = 10,96 inches above the centre
of the boiler, . j :
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THICKNESS OF SHELL.

Assuming 5 as a factor of safety; and the method of deter-

mining the thiskness of the shell is:

o Bk ; where

s
t = thickness of shell
p= pounds per square inch
r = radius of boiler in inches
s = stress per square inch on the metal.

log 100 = 2.00000

log 29 = 1.,46240

log 5 = 0.69897

colog - 55000 = 5.25964
1.42101

Anti-log 1,42101 = ,26 = 6/16 inches nearly, and adding
1/16 inch for corrosion gives 7/16 inch for the thickness of the
shell,
HAND HOLES.
The hand holes are to be 4 by 6 inches,
The area of the hand hole is .785 b d, which is;
log .785 = 1,89487
log - 4 = 0,60206
log 6 = 0,77815
1 .'27508
Anti-log 1.27508 = 18,84 square inches
The pressure that comes on this area will be;
log 18,84 = 1,27508
log 150 + = 2,17609
3.,45117
Anti-log 3.45117 = 2826 pounds.

Treating this as a beam 6 inches long and 4 inches wide;

gives for the value of M:
: ShL

0=

L
c

bending moment

working stress

- moment of inertia

distance the most strained fibre is
from neutral axis.

oaHnE=E
-8 1




log 2826 = 3,45117
log 6 = 0.,77815
colog 8 = 1,09691
3.32623

Anti-log 3.32623 = 2119 pounds

Assuming 5 as a factor of safety, gives for_g:

f=

I _bh d&, di S N
c 6

S

The tensil stress for gun metal = 25000 pounds per square
inch.

S = 5000
M = 2119
b =4

log 6 = 0,77815
log 2119 =

colog 4 =
colog 5000 = 4,30103

2
Antilog 1.80335 = ,6358 = 4
26

d. - .79' = nearly %5 inches, but making it a con-
venient size, I took 7/@ inch as the thickness for the cover to the
nand holes,
AN HOLES.
The man hole is 11 x 15 inches inside, and the area ex-
Posed to the steam pressure equals ,785bd, which is:
log .785 = 1,89487
log 11 = 1.,04139
log 15 = 1.17609
2.11235
Anti-log 2.11235 = 129,52 square inches.
The total pressure that this area is subject to is:

log 129,52 = 2,11235

log 150 - = 2,17609
Anti-log  4,26844 = 19429 pounds,
I w L :

M“‘SE VR R
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The ultimate tensil strength of gun metal equals 25000

pounds per square inch,

Assuming 5 as a factor of safety,

s = 5000 pounds per square inch,

The bending moment (M) for a beam loaded uniformly equals
where W is the total weight, and T is the distance in: inches;

this gives;

log 19429 = 4,28845

log 15 = 1,17609
colog - 8 = 1,09691
4,56145

Anti-log 4,56145 = 36429 pounds

d@= iﬁ: and d4' = 5—5 = 2 inches

b s

log 6 = 0.,77815
log 36429 = 4.,56145

colog 11 = 2.95861
colog 5000 = 4,30103
0.59924

Anti-log 0.50924 = 3,974 = 4" = ai
d = 2 inches
Yhere d is the thickness of the cover for the manhole,

MANHOLE COVER SUPPORTS.

Load on the bolt = 6000 pounds con=
sidering this support as a beam with

a concentrated load in the millde;
P
then the bending moment (M) = ——

where p is the load in pounds and T is

’

; the length in inches.

RN =
M = gives

‘\ 4
{ H*" log 6000 = 3.77815
53

log 17.25 = 1,83879
colog 4 = 1,39794
4,41288

Anti-log 4.41288 = 25875 pounds,




log
colog
colog

- [

7;?%0

da

Assuming b = 2"
2 6 M

= gives

§ =53
log 6 = 0,77815
25875 = 4,41288
2 = 1,69897
4000 =74,39791
1,28791

Anti-log 1.28791 = 19,40" = d

= 4-1/2" nearly.

2
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TOP VIEW OF MAN HOLE AND RINGS,
|

pere _"fnm‘_akf_m_kﬁ_%¢%&24 Pitch equals about

|
r\ < fj ‘ i 3-1/4 inches.
\

/)

~ o 7
. \‘_‘_ __./ ~
R =1 o

o T | A

ARRANGEMENT OF TUBES,

See Figure.




LONGITUDINAL JOINT,
The shell plate is made as thin as possible, because it
is exposed to the fire; therefore the efficiency of the joint
mst be as high as possgible, if the real factor of safety is to be
satisfactory. .
Thé strength of the triple riveted joint ranges from 85 to
90 %.
This joint may fail in one of five ways: -
N, Tearing at outer row of rivets:-
' Resistance = (P-d) T E; where

= thickness of shell

e

[

= thickness of cover plates,

o)
i

diameter of steel rivets.

o]
It

pitch of inner row of rivets.

]

pitch of outer row of rivess.

B
1

tearin; strength of plate,

Wes|
il

shearin; strength of plate.

F. = crushing strength of mild steel.
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B. Shearing four rivets in double shear and one in single
: 2
shear: 9T a

Resistance = - Fy

C. Tearing at the middle row of rivets and shearing one

, 2
rivet, Td )
Resistance = (P-24) T F, + % Fs
D, Crushing four rivets and shearing one, 2
) '"'d .
Resistance = 4 d T F, + — Fs

4

E. Crushing five rivets,

Resistance = 4 A T F, + 4 T. F,

The diameter of the rivet will be found by equating the
resistances A and C: -

Therefore, 2
TTd
(P -d) TFR=(P -2d) T E+ —
ATFFR 4 x 7/16 x 55000
d =~ 3.1416 x 45000

which would be large enough for the diameter of the rivet,

Fs

= ,68 = 11/16 inches

ut I took 7/8 ineh for the diameter of the rivet.

There are several methods in which we may find the way

;the joint will fail, and then find therefrom the efficiency.
i One method is to equate the five se’i?eral resistances,
twvo and two and calculate the pitch; the least pitch thus found

st not be exceeded, thus equat?ng B and C:

2 ma" g
2 9_114_@_ o= (P-2d) T Rt > Therefore
i BT 5y oq . 8 X 3.;416 x [7/8] . 45000 o o 7/8
P ' 4 x 7/16 == 10,74 inches.

Equating A, and B;»
. 9TTal
(P-a) T th Fr >
9Ta’ g 9 x 3.1416 x (7/6) 45000 7

P = ¥ 4= : Rl SRR
B 4 x 7/16 55000 8

= 11.3 inches.
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Equating A and Bj;-

(P-d) TR,=4dTF+daTFk.
4dF ATER 95000 7/8 x 5/8 95000
+ 8= yx7/8x * X + 7/8

Fe T Fs 55000 7716 55000

= 8.2 inches

P:ﬁ

Here T the thickness of the cover plate is taken as 3/8

inches thick,

Equating A and D; -

( : ma
P-d) TE=447TF+—— Fs
4 d F.:Etrrd** Py
Fe 4 7 Ft
y 95000 + 3.1416 x ("i’/ﬁ'TL 45000
55000 1 x7/16 Frrriy /8 = .04 inches,

vhich is the greatest allowable pitch at the outer row of rivets.

One method of finding how the joint will fail is to make

up equations involving those resistances only. Thus a rivet at the
outer row may fail by shearing or by crushing at the cover plate,
which is here made thinner thanithe shell plate.

Equating the resistance of the two methods, we have:

ma B =174 F,or for a cover plate 3/8 inches thick,
4 x 3/8 95000
4= 51416 “q5000

A rivet 1.0l inches in.diameter will consequently be just

= 1,01 inches. :

es Jikely to fail by' crushing as by shearing.

But the resistance to shearing increases as the square of
the diameter, while the resistance to crushing increases as the di-
améter,
I Therefore a rivet larger than 1,01l inches in diameter

will fail by crushing while a smaller rivet will fail by shearing.

A similar calculation at the inner row where the rivet

bears against a cover plate both inside and outside, and will con-

*quently crush against the shell plate, gives:




= ,6 inches

& _
Fs 3.1416 45000

Here a rivet lar er than ,6 will crush and one smaller

rill shear,

It is now evident that a 7/8 inch will shear at the outer
row and will crush at the ineer row.

For this joint, failure wi‘ll occur by the method D, but
not by the methods B or E, Then equating A and D and solving for
P, gives the pitch at the ’outer row as 8,04 inches.

The corresponding pitch of the outer cover plate is 4,02

inches,

The efficiency of the joint is

P-ad 8.04 - 7/8

= 2 g = 89 .1 ]

100 = i 8.04 1.4
RING SEAM,

The stress on a transverse se;c‘t.ion of a hollow cylinder
from internal fluid pressure is one-half the stress on a longi-
tudinal section.
Single' riveted ring seams are the ones that are most com-

monly used,
In practice it is found that ring seams of horizontal
®xternally fired boilers may have a pitch of about 2-3/16" for all
thickness of plate from 1/4 to 1/2 of an inch, The diameters of
rivets for such seams may be made about the si,ze given in the
following table: -

Thickness of plate 1/4, 5/16, 3/8, 7/16, 1/2

Diameter of rivet 5/8, 11/16, 3/4, 7/8, 7/8

The ring seams' circumference is;

3.1416 x 56 = 182.,2 inches,

X
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which allows 82 rivets with.a pitch of 2.22 inches to

be used. |

, This joint will fail by shearing the rivets,

The efficiency of the joint is the ratio of ‘t.he resistance
of a single rivet to shearing, to the resistance of a strip of

plate as wide as the pitch,

The efficiency oi" the joint is;:

2
TdFs - 3.1416 x (7/8) x 45000 = ,505
PT Fr 8.22 x 7/16 x 55000 .

This efficiency is more than half the efficiency of the
longitudinal seam, anﬂ will therefore bp sufficiently strong.
LAP. |

It is customary to calculate the width of lap required on
the assumption that the metal between the rivet and the edse of the
plate may be treated as a beam of uniform depth, fixed at the ends
and loaded uniformly by the force which would be required to shear
or crush the rivet, taking of course, the larger,

The width of the bheam is the thickness ‘of‘ the plate; the
depth is the distance from the edge of the hole to the ed_ e of the
plate, and the length is the diameter of the rivet,

Rivets in single riveted seams fail by sﬁearing. The load
s consequently the shearing resistance, which is |

Td F
4

The maximum bending moment for a beam of uniform cross

Section, fired at both ends and loaded uniformly is equal to the

load multipliead by 1/8 the span, The moment of resistance is equal
\tc‘ 1 ‘

|t

in which F is the cross-breaking strength (about 55000 pounds), I is

the moment of inertia of the section, and C is the distance of the

<t
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e e A s = Tleg".-- - — e e e = A o
most strained fibfe from the neutral axis, Here
I = E_E, C = %, representing the distance from the edge
12 '

of the hole to the edge of the plate by H .

Bquating the bending moment to'.the moment of resistance,
d'z y 2
TH
"

49/3 X 3.1416 x 343
16 x 7/16 ¥ 512

The lap 1s consequently;

i=,‘fﬂﬁﬁ s

18 T r

x 45000
—B000

.858 inches

for the case in hand,
.858 + 1/2 X 7/5 = 1,295 inches for the ring seam,: I took it
as 1-5/32 inches.

A similar calculation for the cover plate with the same dia-

meter of rivet, but with a plate 3/8 inches thick gives:-
3
3Mad R _\/:5 x 3.1416 x 343 x 45000 = 9o inches.

16 T F 16 x 3/8 x 512 x 55000
The log is; .92 + 1/2 x 7/8 = 1,357 inches:

H=
F

I took 1-11/3§ inches,
The rivets of the inner’rows pass thru both cover plates
and are in double shear, and fail by erushing as has been: shown,
The load to be used for calculating the lap is therefofe
the resistance to crushing in front of the rivet which is:-

14,0 .

The equation of bending moment and moment of resistance

gives:

T H?
1/8axTAadE=F 8

.1/5F:H78 .1/3::95000_ s
a gz =7/ 4 x 55000  *

The lap is consequently,

m

-

H =
.988 + ,437 = 1,425 = 1-7/16 inches nearly,

AREA OF UPTAKE,
The area of the uptake, like the total area thru the tubes

1 made from 1/7 to 1/8 of the grate area. The area thru the tubes




was found to be 460 square inchés.

The uptake may be made 1'2 incheg deep, measured from front
to rear, It will then be,

' 460 + 12 = 38,3 inches wide, measured
transversely. '

Ther opening thﬁu the top of the projecting shell at the
front end will be made 12 inches deep and must be cut down until
it is 38.3 inches wide,

”The projectin.g end of the shell is made long enough so
that & space of about 1 inch is left between the uptake and the
calking edze of the front tube sheet,

STAYS. ‘

See Figure,

The method of staying selected consists of channel-bars
riveted to the head, and supported by thru stays; the upper channel
bar is assisted by an angle of iron. The channel-bars selected are
$ix inches wide, and the horizontal }r-ows of rivets in each bar are
3-1/4 inches apart, which brings them as near the flanges of the bar
88 they can be driven.

The middle o’f the lower channel-bar is 6—3/4 inches above
the top of the tubes, so that the lowest row of rivets is

6-3/4 - 1/2 x 3-1/4 = 5-1/8 inches above
the top row of tubes. '

| But the plart,e cannot be properly considered to be rigidly
SUpported at a line drawn thru the tops of the tubes; assume the
Lne of support to be 1/4 of the diameter lower down, this makes a

‘hace of 3-3/4 inches.
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The upper channel-bar is placed 8 inches above the lower

one, 8o that the stay rods are

29 - (6 + 6 + 8) = 9 inches below the

hell, If the upper rods are mi;ch less than 10 inches from the
hell.- access to the boiler will be difficult,
The space immediately above the uppe'r channel-bar is
tayed by aid of an angle-iron which is riveted to the channel-bar,
The distance of the lower row of rivets in the upper |
channel-bar above the upper row in the lower bar is:

8 - 3-1/4 = 4-3/4 inches.
The top row of rivets in the angle iron 'is

4-5/8 inches
from the top of the boiler or 3-1/8 inches from the dotted boundary
line,
’ LOWER STAY RODS.
In order to determin: the load 'carried by the lower stay
rods, we will assume that hali‘ the load on the plate between the
lowest row of rivets and the top row of tubes is carried by the
rivets, and that the load on the plate betweenthe channel-bars is
divided equally between them,
I assumed that the '1ine of support at the tubes is a
uarter of their diameter below their tops, and have found this line
to be 4-3/4 inches below the lowest row of rivets.

1/2 x 4-5/4 = 2-3/8 inches
The distance apart of the two rows of rivets in the chan-
nel-bap ig 3-1/4 inches.
' The total width of plate supportedby the channel-bar
My.therefore be considered to be,

3-1/4 + 5-1/8 x 1/2 + 5-1/8 x 1/2
= 8,37 inches,
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The length of the lower channel-bar at the middle is
—-# = 12

AR = —— =, 7 = 24° - :
% ¥ Sip 59 ’4;3 24 % 26

*é. CosX= cos 24° - 26' = o
| (\\\\__,//// X = 29 x ,9104 = 26,4 inches

gnich equals one-half the length of a line passing thru the centre

of the channel~-bar and cutting the circumference of the sheel.

‘The total length of the line is 52.8 inches.

The length of this line to the dotﬂéd insid& circle is
52,8 - 2.5 = 50,3 inchas; Therefore,

the length of the Qhannei-bar ﬁt the middle is about 50

inches, It is convenient to space the rods 13 inches apart, which

ha&atg:an assumed length of 52 inches,

The load on the lower channal-bar is considered to be
100 x 8,37 x 52 = 43524 pounda.

Treating the channel—bar as a continusus beam wlth four

equal spaces, and five points of support, of which three are at the

ﬁajzmds. and two are at the shell of the boiler.

By the theory of continueus beams a uniform load on the
chammel-bar would be distributed among the five poinﬁs of support as
follows: -

At each point of support at the shell 11/112,

At each outer stay-rod . ‘mgf11e,

At the middle stay-rod 26/112.

This would bringz on each of the outar stay-rods

32
2% x 43524 = 12435 ounds.
112 »

Now the load is not uniformly distributed, but is
‘rried in part by the rivets and in part by the nuts and thick

"aShers on the stay: rods; but the astual will bring a less load




on the two outer stays, so that the assumption of the load just
round is on the side of safety, and is easily calculated,
Assuning 9000 pounds for the working stress in the stay

rods, the diameter of the rod may be calculated by the equation;

Mg - 12435, a*= :':412435 =1,75691.,4 = 1,326 which is
4 9300 £ . : ' ‘

nearly 1-11/32 inches.,

For simplici‘ty the five rods will be the same size, namely,
1-3/8 inches.

The' minimum size of upset end is 1-3/4 inches, but make it
2 inches,

' LOWER CHANNEL-BAR,

The determination of the actual ’stnesses in the channel-
bar, allowin; for the effect of the nuts and thick washers on the

stay rods is very uncertain.

The application of the theory of continuous beams with
uniform load may not give us a stress as large as the actual maxi-
um stress, an approximate method will have to be used, which will
give a stress at least as great as the greatest stress in the bar.
These lines a b and ¢ d are drawn at 1/4- of the diametef
of the thick washers from the centre of the rod, or at
1/4 x 5-1/2 = 1-5/8 inches.

Further assume the load on the rivets A & B is due to the
Pressure of the steam on the area e f g h, bounded by lines drawn
half "‘&I{I between them and the nearest point of support.

Thus e g is half way between the rivets and the line a b,
&h is halr way between the rivets and the line of support at the
"PPer row of tubes, e f is half way between the channel-bars , f h

‘S half way to the next pair of rivets, The rivets are 4-3/4 inches

f
Y0l the nearsst stay rods » and are

a7
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4-3/4 - i-s/é = 3-3/8 inches from the line
s b; half of this is 1-11/16 inches, the two pairs of rivets are
13-1/2 - 2 x 4-3/4 = 4 inches apart, half
of this is 2 inches, The area e, f, g, h, is
' (1-11/16 + 2) x 8 = 29-1/2 square inches,
and the steam pressure on that area is

29-1/2 x 100 = 2950 pounds,
- This is the load due to each pair of rivet.s between a

pair of stay rods; and since the rivets are symmetrically placed,

this is also the supporting force of each end of the beam,

Between the two pairs of rivets the beam is subjected to

~ auniform bending moment, equal to the load on a pair of rivets

mltiplied by their distance from the end of the beam; the bending

moment is
2950 x 3-3/8 = 98 56 pounds,

The th;ory of beams given

M=F 'é'
M = bending moment, I = moment of inertia of any section
of the beam, ¢ = the distance of most 'st.rained fibre from neutral
axis, and F is the stress at that fibre, for rolled-steel channel-
bars,

F may be taken equal to 16000 pounds, we have

AT AL = ,616 inches.
o L6000 :

Now I and C depend 6n the form and size of the section of
the beam, and conversely, the size and form of beam required may be
letermined from them, But as the upper channel-bar is exposed to a
ireater bending momeﬂt and consequently must have a larger section

‘than is required for the lower bar, but I will make both of them

the same gige,

. . ———— — e e




_22.

593

UPPER STAY-RODS.
The flat surface of the boiler head above the lower
cnannel-bar is supported by the upper channel-bar aided by the angle

iron which is firmly riveted to it, and which will be assumed to

¢t with, and form a part of the channel-bar,

Following the general convention thﬁt the pressure on g
ortion of the head between two lines of support is divided‘equally
etween them, assuming that the load on the upper channel-bar is
ue to the steam-pressure on an area bounded at the bottom by a line
alf way between the upper and lower channel-bars, and at the top
y an arc 3-1/4 inches inside the boiler shell, In the figure, half
f this area is represented by j k 1; the areg j k bein_ about half
Fw between the root of the flange, shown by the outer dotted
boundry line and the adjacent rivets. In place of the area j k 1 a
rectangular area 1 m n o, bounded at fhe end by a line at the middle
of the end of the channel-bar, and at the top by a 1line m n , so
chosen as to make the;rectangular area larger than the area it re-
places,

The width of this area, 1 m is 9-1/4 inches, so that the
load per inch of length is '
9-1/4 x 100 = 925 pounds,
The upper channel-bar may,assimilated td a continuous
beam with three unequal spaces, and the middle epan between the
stay rods is 15-1/2 inches, and the end spans between the stay rods

and the roots of the flange of the head are each 11-1/2 inches.
20 ;

=Rt T :
7 { Sin X = = 6803 = 43° - 34' - 50
cee X = cos 43° - 34' - 30" = ,7246

X : ; :
cos X = 59 * x = 20 cos = 29 X .7246

= 21,01 inches.




The total len;th of the line a b from one side of the shel
to the other is;

21,01 x 2 = 42,02 inches

42.02 - 2,5 = 39,52 inches gives the mean
lenzth of the upper channel;bar. Tﬁis makes the end spans mearly
5/4 of the middle span.

Now a_continubus beam uniformly loaded with w pounds per
inch of length, which has a middle span 1 inches long, and two end
spans 3/4 1 inches long, will have for the end supporting forces

33 w 1, and for the midd ti 847
%EZ wl, a r the middle supporting forces 56 ¥ 1{

The end supporting forces are provided by the shell which
is well able to carry them, The stay rods which furnish the middle

supporting forces, must each carry,

864
Assuming 9000 pounds per square inch as a working stress

847 x 15.5 x 925 = 14055 pounds.

for the stay, the area for the stay is,
14055 7 9000 = 1,56 square inches.
This is nearly 1-3/16 inches. But I make them all the
same size, and also 1«3/8 inches in diaﬁeter. For the upset end
the minimum diameter is 1-3/4", but I will make it two inches.
UPPER CHANNEL- BAR.,
The calculation Qf the stress in the upper channel-bar
¥ill be made by an extension of the same approximate method used
With the iower channel-bar, Since the middle span is wider than the
®nd span; it will be sufficient to make a calculation for it only,
The calculation is made the same as for a simple beam |
“Ubported at the ends, the joints of the support being 1/4 the

lianeter of the thick washer from the middle stay-rod that is at the

distance of 1-5/8 inches from the stay rod.

i

ik
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The distance bétween the upper stay-rods is 15,5 inches, s
50 the spanrOf thhe beam is,

15-1/2 - 2 x 1-5/8 = 12,75 inches.
The beam is assumed to be loaded with concentrated loads
applied at the rivets ¢, D, E, F, G, and H, The load on the rivet
[ is assumed to be carried by the stay-rod directly, and is not
included in this calculation, T the pair of rivets, D, E and the
several rivets C, G, and H are assumed to carry the loéd due to the
pressures on the areas marked off by the dotted lines, each line
being dravn half-way between adjacent supporting points, except
that the arc at the top is drawn 3—1/4 inches from the shell as
mentioned once before, Taking as the bending moment at the middle
of the beam, 37390 pouﬁds. Taking as with the lower channel-bar,

n working stress of 16000 pounds, we have
16000 I

37390 x y Or____ = 9,17
G :

The moment of resistance of the channel-bar 6 x 2-1/2 x 1/
inch is 1,08, and the moment of resistance of the 3-1/2 x 3 inch
angzle iroﬁ is 1.55; the sum is equal to 2.63 which is larger than
the required momént of resistance given abﬁve. These are the forms
sed, ‘

BRACKETS.
The boiler is supported on four cast iron brackets, each
of which is 10 inches wide in the direction of the length of the
Poiler, 15-1/2 inches long measured circumferentially. Each
racket is riveted to the shell by nine rivets 15/16 of an inch in
laneter, The brackets are made wide and long in order that the

local straing due to carrying the weight of the boiler may not be

*Xcessive, The brackets are set above the middle line of the boiler

50 that the flanges may be protected by brick work. In the case in
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hand they are 3-1/2 inches above the middle line. The

prackets are arranged so that the weight of the boiler and accesso-
r;ies‘i-s equally divided among them, and so that there is as little
%bending moment as possible on the shell of the boiler. Wnen four
;brackets are used they may he solinewhat. less than a fourth of the
glengt.h of a tube, from the tube f)latea.

' The load on the brackets may be estimated by calcuYating
the weizht of the boiler when entirely full of water, and adding
tihe wei ht of all parts that are supported by the boiler, such as
ipipes, valves, and brick work, or covering that may rest on the
:boi.Ler. One-fourth of this load is assizned to each bracket,

. This load on a bracket should be uniformly distribut'ed
fc:ver the bearing-surface of the flanze, which is commonly Bror 9
inches wide, But to guard against the effect of unequal bearing,
it is well to assume the bracket to bear near the outer edg‘_e.-"say
ﬁwo inches from the edge. This bearing force tends t‘.b rotate the
;brackot about its upper edge, and this tendency is resisted by the
:'ri.vets under the flange, which must be large enough to resist the
resulting pull on them, The other rivets are added to give suffi-
ilcient. resistance to shearing all the rivets, There are seldom less
'than nine rivets in a bracket, all as large as those below the
flan_e, even thoush fewer would suffice, The bracket is usually
%made of cast iron, and the dimensions are commonly controlled as
much by the conditions required for a sound casting as by calcula-
“0118 for strenuth. The strength may be calculated by treaiing it

a8 a cantllever and allowing for the strength of the web,



