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! PREFACE

Tmis bhandbook has been compiled with the purpose of
assembling in a single publication in convenient form, practical
data for everyday reference, for men engaged in the designing,
building and operating of ships. Theoretical calculations have
been purposely omitted.

Shipowners and men in the offices of steamship companies will
find particular interest in the sections on Loading and Stowing
of Cargoes, Maintenance, Ship Chartering, and Marine Insuranoe.

To men employed in shipyards the sections om Ship Calcula-
tions and Hull Construction, Structural Details, Machinery,
and Ship Equipment, and the various formule for making quick
calculations will be of use. In making preliminary designs the
section on Hull and Machinery Weights, as also the tatles giving
particulars of all classes of vessels, will be found convenient.

Ship officers and marine engineers will find, in the section on
Machinery, valuable data on the overhauling of boilers, on indi-
cator cards, on the operating of pumps, condensers and motors,
and many other practical subjects. They will find useful also
the sections on Loading and Stowing of Cargoes, Ship Machinery,
and many other subjects.

Marine underwriters, ship brokers and freight brokers will find
convenient data on ship construction and the stowage sizes of
materials, with a large number of miscellaneous tables.

For men engaged in the designing and building of war vessels
a section on warships has been included, which describes. the
different classes and their armor and armament. Although the
fundamental calculations for all' vessels, merchant and war, are
the same, the text contains frequent special references to war-
ships, as on the subject of electric propulsion, electric steering
gears, electric winches, ete.

To the student of naval architecture and marine engmeenng
this handbook offers a broagsvﬂ]gtrﬁ of practical data than
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any other published work. The very latest marine practice is given,
and such subjects as electric propulsion, geared turbines, Diesel
engines, and oil fuel are fully treated, as are also recent and special
types of construction, such as tankers, battle cruisers, submarine
chasers, and submarines.

The handbook represents many years of collection and classifica-
tion of material, assembled primarily for the writer’s everyday use.
The data have been obtained from many sources (see authorities),
not only from textbooks but very largely from technical papers and
trade literature. As it is impossible to mention in the text all the
works consulted and used, the writer wishes to make here a general
acknowledgment of his indebtedness to many other workers in the
marine field. He wishes to thank particularly the editors of Inter-
national Marine Engineering and Shipping Illustrated. Prof. H. E.
Everett kindly revised the section on Freeboard. Mr. J. C. Craven
checked Structural Details, while other friends in the trade read over
various sections: To Mr. F. G. Wickware, of D. Appleton and Co.,
he is indebted for the typographical arrangement and many sugges-
tions.

New York,
June 26, 1917.

Caas. H. HueHEs.
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- ABBREVIATIONS AND SYMBOLS

Weights and Measures (U. S. and English)

ounce qt. quart
und gal. gallon
undredweight gk. k
inch u. ushel
inch 8q square
foot square foot
foot cu. cubic
ard Ft. B.M. feet board measure
athom C.GS. Centimeter, Gram,
mile Second gyst/em
knot bbl. barrel
pint
Weights and Measures (Metric)
meter L liter
gram See metric system for prefixes,
Miscellaneous
equals sec secant
less than cosec  cosecant
more than F.or
sum Fahr. Fahrenheit
square root of the C Centigrade
quantity under the R Réaumer
sign Be Beaumé
cube root of the quan- I moment of inertia
tity under the sign S modulus of section
square root of a r radius of gyration
square of a Sp. gr.  specific gravity
nth root of a g acceleration due to
a raised to the nth gravity = 32.16 ft.
power : per sec.
B.tu. Bntish thermal unit
r cent S.W.G. Stubs Wire Gauge
3.14159 B.w.%. Birmingham wiregauge
logarithm B& Brown & Sharpe
sine AW.G. American Wire Gauge
cosine IW.G. Imperial Wire Gauge
tangent N.B.S. New British Standard
cotangent

s

-



ABBREVIATIONS AND SYMBOLS

xxiv
Naval Architecture
F.P. forward perpendicular C.G. center of gravity
A.P. after perpendicular ~ B.M. distance between cen-
Bet. length bet . ter of buoyancy and
perps. len ween perpen- metacenter
dglzulars B.G. distance between cen-
L.O.A. length over all ter of buoyancy and
B. beam molded center of gravity
D, depth molded G.M. distance between cen-
i ] midship section ter of gravity and
d.w. dead weight metacenter
W.L. or G.Z. arm of righting couple
wl.  water line Bkhd. bulkhead
C.B. center of buoyancy B.L. base line
M. metacenter See Rivets and Riveting
Machinery
h.p. horse power th.p.  thrust horse power
i.h.p. indicated horse power = m.e.p. mean effective pres-
eh.p. effective horse power sure
b.h.p.  brake horse power r.p.m. revolutions per minute
nhp. nominal horse power G.S. ate surface
s.h.p.  shaft horse power HS. eating surface
Electricity
d.c. direct current Q. coulomb
a.C. alternating current J. Joule
C. amperes W. watt
E. volts Kw. kilowatt
R. Ohms c.p. candle power
em.f. electromotive force c¢ir. mils. circular mils

Ship Chartering abbreviations.—See section on Ship Chartering.
Marine Insurance abbreviations.—See section on Marine Insur-

ance.

Shipping and Export abbreviations.—See section on Shipping and
Export Terms,
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"Handbook of
Ship Calculations, Construction
' and Operation

SECTION I
WEIGHTS, MEASURES AND FORMULAE
WEIGHTS AND MEASURES

TroYy WEIGHT
24 grains = 1 pennyweight 12 ounces = 1 pound
20 pwts. = 1 ounce
Used for weighing gold, silver and jewels.

AroTHECARIES’ WEIGHT
20 grains = 1 scruple 8 drams = 1 ounce
3 scruples = 1 dram 12 ounces = 1 pound
" The ounce and pound in this are the same as in Troy weight.

Avorrpuprors WEIGHT -

27.344 grains = 1dram 2000 pounds = 1 short ton
16 drams . = 1 ounce . 2240 pounds = 1 long ton
16 ounces = 1 pound

SarprINg WEIGHT
16 ounces : = 1 pound (Ib.)
28 pounds = 1 quarter (qr).
4 quarters or 112 pounds = 1 hundredweight (cwt.)
20 hundredweight or} -
2240 ds 1 ton (T.)
1



2 """ WEIGHTS AND MEASURES

7 Smipemva MussuRE

1 register ton = 100 cubic feet

1 United States shipping ton = 40 cubic feet or 52.14 United States
bushels or 31.16 Imperial bushels

1 British shipping ton = 42 cubic feet  or 32.72 Imperial
' bushels or 33.75 United States
bushels
LiNEAR MEASURE (LAND) .
12 inches = 1 foot 40 rods . = 1 furlong
3feet = 1yard . 8furlongs } _ .
5% yards = 1 rod T or 5280 feet J — 1 Tile (statute)

Other units are: 4 inches = 1 hand; 9 inches = 1 span; 1000
mils = 1 inch; 7.92 inches = 1 link: 100 links or 66 feet or 4 poles
= 1 chain; 10 chains = 1 furlong.

MARINER'S MEASURE
6 feet = 1 fathom 6080 feet = 1 nautical mile (knot)
120 fathoms = 1 cable length 3 knots - = 1 league
1 cable length = 120 fathoms = 960 spans = 720 feet = 219.457
meters.

1 international nautical mile = #; degree at meridian = .999326

U. 8. nautical miles = 1852 meters = 6076.10 ft.

1 U. 8. nautical mile is the length of one minute of arc of a great
circle of a sphere whose surface equals that of the earth. Thus
1 U. 8. nautical mile = 1.15155 statute miles = 6080.20 ft. =
1853.25 meters. ) i

1 British nautical mile = 1.15152 statute miles = 6080 feet =
1853.19 meters. The knot generally adopted is the one of 6080 feet.

. SQUARE MEASURE
144 square inches = 1 square foot 40 square rods = 1 rood
9 square feet .= 1 square yard 4 roods = 1 acre
8014 square yards = 1 squarerod 640 acres = 1 square mile

Tme MBASURE
60 seconds = 1 minute ) 24 hours = 1 day
60 minutes = 1 hour 7 days = 1 week

28, 29, 30 or 31 days = 1 calendar month (30 days = 1 month
in computing interest) .
366 days = 1 year 366 days = 1 leap year




MEASURES 3

CircurLAR MEAsSURE
60 seconds = 1 minute 90 degrees = 1 quadrant
60 minutes = 1 degree 360 degrees = 1 circumference

Instead of an angle being given in degrees it can be given in
radians, one radian being equal to the arc of a circle whose length
is the radius. Thus if R denotes the radius, the circumference

of the circle 2 = R, then the circular measure of 90° = U XR2 =R _

%; similarly the circular measure of 180° is x, 60° %, ete.

An angle expressed in degrees may be reduced to circular measure
by finding its ratio to 180° and multiplying the result by a.

Hence the circular measure of 115° is uig T =63

An angle expressed in circular measure may be reduced to de-
grees by multiplying by 180 and dividing by =, or by substituting

7= 7 °
180 for . Asﬁ =EX180=84'

The angle whose subtending arc is equal to the radius, or the
unit of circular measure reduced to degrees is 1808 = 57.2958.
Therefore an angle expressed in circular measure may be reduced
to degrees by multiplying -by 57.2958. Thus the angle 32' =2

3.
X 57.2958 = 38.1972°.

Dry MEASURE »
2 pints = 1 quart 4 pecks = 1 bushel
8 quarts = 1 peck 36 bushels = 1 chaldron
One United States struck bushel contains 2150.42 cu. ins. or
1.244 cu. ft. By law its dimensions are those of a cylinder 1814
ins. diameter by 8 ins. high. A heaped bushel is equal to 134 struck
bushels the cone being 6 ins. high. A dry gallon contains 268.8
cu. ins. and is 1§ of a struck bushel. One U. S. struck bushel
may be taken as approximately 134 cu. ft., or 1 cu. ft. as # of a
bushel. :
The British bushel contains 2218.19 cu. ins. or 1.2837 cu. ft.
or 1.032 U. 8. b}lshels. .
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b

Li1Qquip MEASURE

P

4gills = 1 pint 3114 gallons = 1 barrel
2 pints = 1 quart 2 barrels or 63 gallons =
4 quarts = 1 gallon 1 hogshead

One United States gallon contains 231 cu. ins. or .134 cu. ft., or'
1 cu. ft. contains 7.481 gallons. *

The British Imperial gallon both liquid and dry contams 27727,
cu. ins. or .160 cu. ft., and is equivalent to the volume of 10 Ib. .
of pure water at 62° F. To convert British to U. S. liquid gallons :
multiply by 1.2. To convert U. S. into British divide by 1.2. A

METRIC SYSTEM \

The fundamental unit of the metric system is the meter, the’ .
unit of length, which is one ten-millionth of the distance from the
pole to the equator or 39.3701 ins. From the meter the units of *
capacity (liter) and of weight (gram) are derived with subdivisions !
of 10 or multiples of 10, the following prefixes being used: milli =

1

1000° centi = ’1_(1)-0’ deci = 10, deca = 10, hecto = 100, kilo =
1000, myrie = 10000. Thus a millimeter is —1—010.—5 of a meter, and

so on. The units of meter, liter and gram are simply related, as
for all practical purposes 1 cubic decimeter = 1 liter and 1 liter of
water weighs 1 kilogram at 4° C.

The metric system is specified by law in Argentina, Austria,
Belgium, Bolivia, Brazil, Bulgaria, Chile, Colombia, Denmark,
Finland, France, Germany, Holland, Hungary, Italy, Luxemburg,
Mexico, Montenegro, Norway, Peru, Portugal, Roumania, Servia,
Siam, Spain, Sweden, Turkey and Uruguay. -

LiNEAR MEASURE

10 millimeters = 1 centimeter = .394 inches
10 centimeters = 1 decimeter = 3.937 inches
10 decimeters = 1 meter = 39 37 inches or 3.281 feet
10 meters = 1decameter =  32.809 feet
10 decameters = 1 hectometer = 328.09 feet
10 hectometers = 1 kilometer = 3280.9 feet
Stmmcns

100 square millimeters = 1 square centimeter = .155 square inches
100 square centimeters = 1 square decimeter = 15.5 square inches
100 square decimeters = 1 square meter = 10.764 square feet



DecmMAL EQUIVALENTS oF FRACTIONS OF AN INCH, AND MILLI-
METER-INCE CONVERSION TABLE

Fract.| Dec. Mm. ||Fract.| Dec. Mm. Dec. Inch

Dec. Inch

Mm.
...| 015625 | 307 |[3%...] .515625 | 13.1 .039370 || 51 | 2.007892"
.078740 || 52 | 2.047262
....| .03125 79 |[A3....] .53125 | 13.49 ‘nsito || &3 | 2.08s832
o....| 046875 | 1.19 |[2g....] .546875 | 13.89 .157480 || 54 | 2.126002
. .196850 || 55 | 2.165372
fs....| 0825 1.59° ||&%....| 5625 - | 14.29 .236220 || 56 | 2.204742
&....| om2s| 1.8 |[f3z....| 578125 | 14.68 -218500 |( 57 | 2.244112
.314060 || 58 | 2.283482
....| 00375 | 2.38 |[i8....] .50375 | 15.08 .854330 || 59 | 2.332852
. .893704 || 60 | 2.362226
de..f 100375 | 2.77 3t....| 600378 | 15.48 “asso74 || 61 | 2.401508
i....] .128 3.17 ||§--..] .625 15.87 472444 || 62 | 2.440066
.511814 || 63 | 2.480336
&...-| 140625 | 3.57 |{4d....| .640625 | 16.27 551184 || 64 | 2.519708
%....| 15625 | 3.97 [|W....| .65625 | 16.7 .500554 || 65 | 2.550076
.620924 || 66 | 2.508446
#....| amsrs | 437 [i....| .en1875 | 17.08 669294 || 67 | 2.637818
&....| 1815 | ae |[1h....| 6875 |17.48 -708664 || 68 | 2.677186
748034 || 69 | 2.716556
ig....| 208125 | 5.16 [[8%....| .703125 | 17.86 787400 || 70 | 2.755930
.826779 || 71 | 2.795300
d....| 21876 | 5.56 ||33....| 71875 | 18.26 “seo140 || 72 | 2 834670
3§....) 234375 | b5.95 ||8F....| .734375 | 18.65 .905519 || 73 | 2.874040
25 .944889 || 74 | 2.013410
... - 6.35 |[¥....] .75 19.05 984259 || 75 | 2.952780
3%....| 265625 | 6.75 |[{82....| .765625 | 19.45 1.023629 | 76 | 2.892150
. 77 | 3.031520
&....| 28125 | 7.14 ({38....| .78125 | 19.84 1.102369 || 78 | 3.0708%0
7
80

3p....| 206875 | 7.54 |[3k....| .796875 | 20.24
5....] 3125 7.94 ||13....[ .8125 20.64

%
:

3.228375

-
(-
N

8%5’3555:&55-‘“—5S88218&2&’3385&38&2@82835:;5:35:Semqam‘uu-E

3t....| .328125 | 8.33 [|32....| .828125 | 21.03 L 209293 || 83 | 3267745
4....| 34375 | 8.73 |[83....] 84375 | 21.43 1.338503 || 84 | 3.307115
. . 1.377963 || 85 | 3.306485
3i....] 359375 | 9.13 |lgg....| .850375 | 21.83 1.417333 || 88 | 3385885
§....| .31 952 ||3....| .85 |22.22 1.456703 || 87 | 3.425225
1.496073 || 88 | 3.464595

38....| .300625 | 9.92 ||§f....| .890625 | 22.62 1.535443 {| 89 | 3.503965
1.574817 || 90 | 3.543339

.40625 | 10.32 |[ls3....| .00625 | 23.02 Lerasr || o1 | 3 582700
.421875 | 10.72 |[s2....| .921875 | 23.41 1.653557 |{ 92 | 3.622079
1.692027 || 93 | 3.661449

4375 | 1111 |[i§....| 9375 | 23.81 1 732207 || o4 | 3.700810
.453125 | 11.51 ||gk....| .953125 | 24.21 1.771667 || 95 | 3.740180

» 1.811087 || 96 | 3.779559
3§....] 46875 | 11.91 |[31....| .06876 | 24.61 1.850407 || 97 | 3.818920
3t....| .484375 | 12.30 |[s2....| .984375 | 25. 1.889777 || 98 | 3.858299
1.920147 || 99 | 3.807660

3....0.5 127 l...|..... 25.4001 1.903522 |{100 | 3.937043
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VoLUME AND CAPACITY

10 milliliters = 1 centiliter = .61 cubic inches
10 centiliters = 1 deciliter = 6.10 cubic inches
10 deciliters = 1 liter = 61.02 cubic inches
10 liters = 1 decaliter =  .353 cubic feet
10 decaliters = 1 hectoliter = 3.53 cubic feet
10 hectoliters = 1 kiloliter - = 35.31 cubic feet

A liter is equal to the volume occupied by 1 cubic decimeter of
water at 4° C.

WEelGHT

10 milligrams = 1 centigram = .154 grains

10 centigrams = 1 decigram = 1.54 grains

10 decigrams = 1 gram = 15.43 grains

10 grams = 1 decagram = 154.3 grains

10 decagrams = 1 hectogram = .220 pound avoirdupois

10 hectograms = 1 kilogram = 2.204 pound avoirdupois
1000 kilograms = 1 metric ton = 2204.621 pound avoirdupois

One gram is the weight of 1 cu. cm. of pure distilled water at a
temperature of 39.2° F., or 4° C.; a kilogram is the weight of 1
liter (1 cubic decimeter) of water; a metric ton is the weight of 1
cubic meter of water. '

CENTIMETER, GRAM, SECOND, OR ABSOLUTE SYSTEM OF PHYsICAL
MEASUREMENT

Unit of space or distance =
Unit of mass = 1 gram

Unit of time 1 second
. . space . .
Unit of velocity = time = 1 centimeter in 1 second
Unit of acceleration = change of 1 unit of velocity
. in 1 second
Acceleration due to gravity at Paris = 981 centimeters in 1 second.
. K 1 .0022046
. Unit of force = 1 dyng = gy gramme = oo Ib. =

000002247 Ib.

A dyne is that force which acting on a mass of one gram during
one second will give it a velocity of one centimeter per second.
The weight of one gram in latitude 40° to 45° is about 980 dynes,
at the equator 973 dynes and at the poles 984 dynes. Taking
the value of g, the acceleration due to gravity in British measures
at 32.185 ft. per second at Paris, and the meter as 39.37 ins., then

32185 X 12 _
1 gram =—3037 =~ 981 dynes.



METRIC CONVERSION TABLE 7

« Millimeters

Millimeters
Meters

Meters

Kilometers
Kilometers

Square centimeters
Square centimeters
Square meters
Square meters
Square kilometers
Square kilometers
Hectares

Hectares

Cubic centimeters
Cubic centimeters
Cubic meters
Cubic meters
Cubic meters
Cubic meters
Liters

Liters

Liters

Liters

Grams
Grams
Grams
Grams .
Kilograms
Kilograms

Kilog’s per sq. centim.
Kilog’s per sq. centim.
Kilog's per cu. meter
Kilog’s per cu. meter
Metric tons (1000 Kg.)
Metric tons (1000 Kg.)

Kilowatts
Kilowatts
Calories
Calories

Ezample. 25.4 millimeters X .03937 = 1 inch.

meters.

MEeTRIC CONVERSION TABLE
Reading from Left to Right and Vice Versa

EXAXEXEXEXEXEXEXEXEXEXEXEXEXEXEXTXEXEXTX

.03937
25.400
3.2809

.06243
16.01890
1.1023
0.9072
1.3405
".746
3.9683

.2520

XlIXllXIIXIIXIIXHXIIXlIXIIXIIXIIXIIXIIXIIX!IXIIXIIX'IIXII

X

[

Inches

Inches

Peet

Feet,

Miles

Miles

Square inches -
Square inches
Square feet
Square feet
Acres

Acres

Acres

Acres

Cubic inches
Cubic inches
Cubic feet
Cubic feet
Cubic yards
Cubic yards
Cubic inches
Cubic inches
U. 8. Gallons
U. 8. Gallons
Grains

Grains
Ounces avoirdupois
Ounces avoirdupois
Pounds
Pounds

‘Lbs. per sq. inch

Lbs. per sq. inch
Lbs. per cu. ft.
Lbs. per cu. ft.
Tons (2000 1b.)
Tons (2000 1b.)
Horse power
Hortse power

B. thermal units
B. thermal units

inch X 25.4 = 25.4 milli-
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Unit of work = 1erg = 1dyne-centimeter = .00000007373 ft.1b.
Unit of power = 1 watt = 10,000,000 ergs per second
= 7373 ft. 1b. per second

27373 _ 1
550 ~ 746 5= h. p. = .00134 h. p.

Centimeter, Gram, Second (CGS) unit of magnetism = the
quantity which attracts or repels an equal quantity at a distance of
one centimeter with a force of one dyne.

CGS unit of electric current = the current which, flowing
through a length of one centimeter of wire, acts with a force of
one dyne upon a unit of magnetism distant one centimeter from
every point of the wire. The ampere, the commercial unit of
current, is one-tenth of the CGS unit.

BoArRD MEASURE

To find the number of feet board measure in a stick of timber,
multiply the length in feet, by the breadth in feet, by the thickness
in inches. '

Ezample. Find the board méeasure of a piece of timber 20 ft. long, 2 ft. wide by
2 ins. thick.

20 ft. X 2 ft. X 2 ins. = 80 feet board measure.

To convert board feet into cubic feet, divide the board feet by 12.

To convert board feet into tons, divide the board feet by 12,
and multiply the quotient by the weight of the timber per cubic
foot, thus giving the weight in pounds. Divide the weight in
pounds by 2240 to get it into long or s]nppmg tons, or by 2000 to
get into short tons.

Ezample. A schooner has 1,000,000 feet board measure, of yellow pine on -

board. What is the weight of her load in shipping tons?
L.oloéﬂo - 83,3:333 ou. ft. Yellow pine weighs 38 Ib. per cu. ft.

3,166,654 Ib. = 1415 tons nearly.

WATER
One cublc foot of fresh water weighs 62.42 1b. at its maximum density

One cublc foot of salt water weighs 64 Ib

35.88 cubic feet of fresh water weighs one ton (2240 Ib.)

35 cubic feet of salt.water weighs one ton

One cubic foot of water (fresh or salt) = 7.48 gallons (U. 8S.)
gallon (U. 8.) of fresh water weighs 8.33 Ib.

One gallon . 8.) of salt water weighs 8.58 Ib,

One cubic foot of ice (fresh) weighs 56 lbs., specific gravity .9.



BOARD MEASURE

FEET BoARD MEASURE IN DirFeReNT Sizes oF TIMBER*

Length in Feet

-
(-]
-
]
-
-

16

-
®

20 | 22

»

26

28

32

-]
[
-

R8I
P =
- ah

65
42
56
70
84
98
12
743
934
112
112 {1304
100 |116}
120 |140
140 |163}
160 [1863
144 168
168 |196
102 |224
196 (228}
4x16........ 1863221 |261}

EBRERNBLETLBEN5088RELR88S

103
18
21}

37%
42

&

46}

BR22EEBBRE

112
128
854
1064
128
1493
1334
160
1864
213}
192
224
256
2613

8E8REE

BYEERBEELL

72

90
108
126
144

96
120
144
168
150
180
210
240
216
252
288
204
336

2081

134 144
20 | 22
26| 204
33}
40
461
534
50
584
661
30

gigegerg
ENR B PSRN B IRRIRREY

3
rEE3eER

534 581
663 73%
80 | 88
9341024
60 | 66
80 | 88
100 |110
120 {132
140 (154
160 {176
1064|1174
1334|1461
160 (176

16631833
200 (220
2333|2567
2663|2034
240 [264
280 (308
320 (352
3261|350

~
(-]

186%(205%224

384
392

373314103

448

174
26
344
433
52
603
694
85
754
861
a9
52
65
78
91

34
52

60
soi

78

485¢

104 [112
130 [140
156 [168
182 [106
208 (224
1383[149¢
1733{1861
208 (224
2424(261%
2164(2331
260 (280
3034|3261
34643731
312 (338
364 (302
416 (448
42434574

184
28
374
46}
56
854
741
70
813
834
4
56
70
84
08

104 (112

374
56

741
934

84

522{

83838388 |8

-
3]

874
100
45
60
75
90
105
120
40
60
80
100

104 [112 |120
1213(130%

250

350
400
360
420
480
480
560

21%

1494

1703
2133
256
2983
2664
320
3734
4264
384
448
512
5221
597%

Thus a stick of timber 2 ins. X 4 ins. X 12 ft. long contains

8 ft. board measure. Board

measure is often abbreviat

i * From Mechanical Engineer’'s Handbook. W. Kent.

B.M.



Incres anNp Fractions 1IN Drcimars oF a Foor

10

Pt o) Decimal |5r | Decimal | P20 | Decimat | P2 | Decimal
Inches of a Inches of & Inches of a Inches of 8
e Foot | and | Foot | and Foot | and Foot
* .00520 31 .25520 6 50520 9 .75520
% | .01040 | 335 | .26040 | 634 51040 | 9% | .76040
& | .o1562 | 3% | .26562 | 6& | .s1562 | 9& | .76562
i | .o2080 | 3% | .27080 | 63 | .s52080 | 9% | .77080
d | 02600 | 3& | .27600 | 64 52600 | o9& | .77600
% | .03125 | 33% | .28125 | 63 53125 | 93 | .78125
% | 03640 | 3& | .28650 | 6%k 53640 | o | .78650
¥% | .om170 | 314 | .29170 | ey 54170 | 915 | .79170
f | .04687 | 3#& | .20687 | 64 54687 | o | .70687
56 | .05210 | 33 | .30210 | 634 55210 | 936 | .80210
# [ .05730 | 34 | .30730 | e | .55730 | o | .80730
% 06250 | 33% | .31250 | 63 | .s6250 | 93 | .81250
# 06770 | 34 | .31770 | 64 | .s6770 | oy | .81770
% 07200 | 3% | .32200 | 6% | .57200 | 936 | .82200
# | .o7812 | 34 | .32812 | ey | .57812 | oy | .sesi2
1 .08330 | 4 .33333 | 7 .58330 . | 10 .83333
14 | .08850 | 44 | .33850 | 74 | .58850 | 104 | .83850
13 | .00375 | a5 | .34375 | 736 | .50375 | 1035 | .84375
1% | .09900 | 44 | .314900 | 74 | .50900 | 104 | .84900
1% | .10420 | 4y | .35420 | 74 | .e0420 | 104 | .85420
1% | .10037 | 4f | .35037 | 74 | .60037 | 104 | .85037
1% 11460 | 43 | .36460 | 736 61460 | 1035 | .86460
1% 1198 | 44 | .36980 | 74 61980 | 104 | .86980
134 12500 | 435 | .37s00 | 734 62500 | 103 | .87500
1% 13020 | 44 | .38020 | 74 63020 | 104 | .s8020
1% | .13540 | 454 38540 | 75 | .63540 | 10% | .88540
14 | .14062 | 41 30062 | 74 | .e1062 | 1044 | 89062
1% | 14880 | 4 30580 | 7% 64580 | 103 89580
14 15100 | 44 | .40100 | 74 | .65100 | 104 | .90100
1% | .15625 | 4% | .40625 | 73 | .es625 | 1035 | .90625
1% | .16150 | 4 41140 | 748 | .e6150 | 104 91150
2 16670 | 5 41670 | 8 .66670 | 11 91670
24 17187 | 5 42187 | 8% 67187 | 114 92187
234 17710 | 534 42110 | 8% 67710 | 1134 92710
24 18230 | 54 43230 | 8% 68230 | 114 93230
2y 18750 | 5% | .43750 | 8y 68750 | 1134 | .93750
24 19270 | 54 | .44270 | 84 | .69270 | 114 | .04270
2% 19790 | 53 | .44790 | 8% 60790 | 1135 | .94790
2% 20312 | 5% | .45312 | 8% | .70312 | 114 | .98312
214 20830 | 53 | .45830 | 815 | .70830 | 1134 | .95830
24 21350 | 5#& | .46350 | 8& | .71350 | 114 | .96350
284 21875 | 53 46875 | 83 | .71875 | 115 | .96875
24 22400 | 54 47400 | 83 72400 | 1144 | .97400
2% | .22020 | 53 | .47020 | 83 | .72020 ‘| 113 | .97920
2H | .23437 | 54 | .48437 | 83 | .73437 | 114 | .98437
274 23050 | 5% 48060 | 875 | .73960 | 1136 | .9s960
24 | .24480 | 54 | .49480 | 84 | .74480 | 114 | .99480
3 .25000 | 6 .50000 | 9 .75000 | 12 1.00000

PR



- One Imperial gallon .
One Imperial gallon
One Imperial gallon
One Imperial gallon
Oneé Imperial gallon
One U. S. gallon

One U. S. gallon

One U. S. gallon

One U. S. gallon

One U. S. gallon

One pound of water
One pound ol water
One pound of water
One cwt. of water

One cwt. of water

One cwt. of water

One ton of water

One ton of water

One ton of water

One ton of water

One ton of water

One cubic inch of water
One cubic inch of water
One cubic inch of water
One cubic foot of water
One cubic foot of water
One cubic foot of water
One cubic foot of water
One cubic foot of water,
One cubic foot of water
One cubic foot of water
One liter of water

One liter of water

One liter of water

One liter of water

One cubic meter of water
One cubic meter of water:
One cubic meter of water
One cubic meter of water
One cubic meter of water
One cubic meter of water
One cubic meter of water
One cubic meter of water

One Pood
One Eimer .
One Vedros

One Miners’ inch of water
One column of water 1 foot high
One column of water 1 meter high

FRESH WATER

FrEsH WATER

L T T

A pressure of 1 1b. per square inch =
In the above, one ton = 2,240 Ib,

277.27 Cubic inches
.16 Cubic feet
10.00 Lb.
1.20 TU.S. gallons
231 Cubic inches
.134 Cubic feet
8.33 Lb.
.83 Imperial gallons
3.8 Liters
27.74 Cubic inches
.083 U. 8. gallons
.10 Imperial gallons
11.2 Imperial gallons
13.44 U. S. gallons
1.79 Cubic feet
35.88 Cubic feet
223.60 Imperial gallons
268.38 U. S. gallons
1000 Liters (approx.)

11

1 Cubic meter (approx.)

.036 Lb.
.0036 Im

b
rial gallons
.0043 U.

. gallons

6.23 Imperial gallons
7.48 U. S. gallons
28.31 Liters
.028 Cubic meters
.22 Imperial gallons
.264 U. S. gallons
61 Cubic inches
.0354 Cubic feet
220 Imperial gallons
264 U. S. gallons
1.308 Cubic yards
35.31 Cubic feet
61024 Cubic inches
1000 Kilos
1 Ton (approx.)
1000 Liters
3.6 Imperial gallons
2.7 Imperial gallons
2.7 Imperial gallons

—

10 Imperialgals. (approx.)
.434 Lb. pressure per sq. in.
1.43 Lb. pressure per sq. in.
2.31 Feet of water in height



12 ' WEIGHTS AND MEASURES

WEIGET AND S1ZB oF DirFERENT STANDARD GALLONS oF FRESH

WATER
Cubic * | Weight of | Gallons
Inches in | a Gallon |in a Cubic eight of a cubic
a Gallon | in Pounds Foo foot. o fresh water,

lmperml or Enghsh 277.274 | 10.00 6.232102 |62.3211b. avolrdupou
231. 8.33111 | 7.480519

Saur WATER

The composition of salt water varies at different parts of the
world, but usually contains the following to every 100 parts:

Pure water.............. 96.2 Sulphate of lime......... .08
Common salt........... 2.71  Sulphate of magnesium... .12
Magnesium chloride. . ... 54 Calcium bicarbonate. .. .. .01
Magnesium bromide.. ... Organic matter.......... .33

About 5 ounces of solid matter are present in one gallon of salt
water, and this density can be expressed as a fraction thus
solid matter 5 oz. 50z. _ 1
water holding it in solution  lgal. 16 X 10 32
that is, one part in 32 of sea water is solid matter, if an Eng-
lish gallon of 10 Ib. is used. If an American of 1 gal. = 8.33 Ib,,

50z, - 1
then {-=2233 ~ %67

Salt water boils at a higher temperature than fresh owing to its
greater density, as the boiling point of water is increased by any
substance that enters into combination with it. The property
water has of holding chemical substances, as salts of lime in solu-
tion, decreases as the temperature increases; from this follows that
boilers carrying a high steam pressure form more scale than those
working at lower temperatures and pressures.

Water is at its maximum density at 39.1° F. or 4° C. The boil-
ing point of fresh water at sea level is 212° F. and of salt water
213.2. Fresh water freezes at 32° F. or 0° C.; salt water freezes
at a lower temperature. In freezing, water expands. Thus as
hot water cools down from the boiling point it contracts to 39.1°,
its maximum density, while below this temperature it expands again.

The British and United States standard temperature for specific
gravity is pure water at 62° F. Water has the greatest specific
heat of any known substance except hydrogen, and is taken as
the standard for all solit_is and liquids.

English standard, -

PO S



SpeciFic GRAVITIES AND WEIGHTS oF MATERiALS*

Specific

Weight, Ib.

Material . Gravity! per cu. ft.
Alcohol, 100%........ e, .79 49
Alum.......... ... i oo 107
Aluminum, bronze . 7.7 478
Aluminum, cast....... 2.55-2.75 160
Aluminum, sheet........................] .. .....L 168
Anthracite coal (broken) ............ 1.4-1.7 47-58
Antimony............ ... .. oo, 6.7 417
BB, v et et e 2.1-2.8 153
Ash, white-red.......................... 62-.65 40
Asphaltum............................. 1.1-1.5 81
Babbittmetal......................... ] .ol 456
Barley............coiiiiiiiiii i e 38
Barytes..........ccoiiiiiiiiiiiiiia.. 4.5 281
Basalt................... ... . ... 2.7-3.2 184
Bauxite...............oiiiiiiiiiiin... 2.55 _ 159
Beech....................... B 44
Bellmetal.............................] cooiiaat 503
Benzine.................. ... oo, .73-.75 46
Birch........coiiiiiiiiiiiiiiiiiini] e 33
Bismuth............................... 9.74 608
Bituminous coal (broken)................| ......... 49
Boxwood.............. ..o, .96 63
Brass, cast-rolled........................ 8.4-8.7 534
Brick, common (1000 weigh about 3} tons).| 1.8-2.0 120
Bronze,79tol4 ptin.......... ... ... 7.4-8.9 509
Camphor...............covivennn] e 62
Cedar, white-red........................ .32-.38 22
Cement, Portland, loose. .. ..............[ ......... 90
................................. 1.8-2.6 137
Charcoal iled) . . ..oovi ] e 10-14
................................ .70 42
Chestnut ............................... .66 41
Clay,dry.....cooiiiiiiivinnninini] vivnennnn 63
Clay,moist..................ccvevviei] oeeinn.. 110
Coal—see anthracite and bituminous
Coke....oovvieiii i 23-32
Concrete, cement—stone—sand........... 2.2-2.4 144
Copper, ca,st rolled...................... 8.89.0 556
Copper ore, pyntes ...................... 4.14.3 262
L0 < G .25 15.6
Corn. ...oovve ittt e 48
Cotton, pressed. .............cvvvuian... 1.47-1.50 93
ress........ et ceeeeeiaeeet e, .48 30
Dolomite. .............ccoiiiiiiiian... 2.9 181
Earth,dryloose.......................] coeeeeel, 76
Eart,h, packed and moist.................| ... ... 96
Ebony..........coooiiiiiiiiiiiiiia, 1.25 79
Elm......... ... . ... i ... .72 45
1 The specific gravities of solids and liquids refer to water at 4° C. The weights

per cubic foot are derived from average specitic
#* From Pocket Companion. Carnegie Steel
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SeeciFic GRAVITIES AND WEIGHTS OF MATERIALS—Continued

: Specific Weight, Ib.

. Material G‘::\nty per gu. filsb
Emery........cooiiiiiiiiiiiiiiiiiit. 251
Felspar........ccooiieiiiniiiinn.. 159
Fu', Douglas (Oregon pine) 32
BEINZ. . .ottt 168
Xeoueeonaonann O 93
Flour,loose.......c.coovvviiieiiiiinnn.. 28
lour, pressed . ......................... 47
Flint. ... ..o, 164
Gasoline...............ooiiiiiunennnnn. 42
Glass, common. . ..... 156
Glass, plate or crown. 161
Gold, cast, hammered. . . 1205
Gnelss, serpentme ....................... 159
Granite.-. . ...t e 175
Graphite.................. oo i, 131

Greenheart..................uivieinn. 62.5
GypSUML. ...ttt 159
Hay and straw bales. ................... 20
Hemlock...........ccoiiiiiiiiiinnnn, 29
Hickory........oooiiiiiiiiiiiiiiin, 49
Hornblende . ........................... 187
. 56
India rubber.......................... 58
Iron, cast, Pig. ....ccovveiinnnininnnns 450
Iron, wrought.......................... 485
Ivory. .o 114
Kerosene..............cooiiiiiiinnnnnn. 42
Lancewood.....................0itt 42
.................................. 710
Lead, ore, galena........................ 465
Teather..............iiiiinl, e 59
Lignumvitee ..............oooovivennn.. 83

Lime, quick, loose....................... 53-60

Limestone.....................ccovenn. 165
Linseedoil ................... ..., 58
Locust....... e i 46
Manganese. ... ......oouiieiiiiniiaaannn. 475
Manganese ore . . ..... 259
- Mahogany, Honduras. . . .. 35
Mahogany, Spanish. .................... 53
Maple. ... 49
Marble. ..........coiiiii i 170
Mercury.......cooviiiiiiin i © 849
Mica.. ... i 183
Muntzmetal........................... 511
Nickel........coiiiiiiiiiie 565
Nitricacid91%, ...............cooieinn. 94
Oak, live....o..ooiviiiiiii it 59




SeeciFic GRAVITIES AND WEIGHTS OF MATERIALS—Continued

i Specific Weight, 1b.
. Material Gmity pergc:. fltt.)
Oak,red,black......................... .65 41
Oats, bulk . .. ...ooooeiii 32
Oil—see gasoline, petroleum, etc.
Oliveoil . .......covveeeeniiiiininniaeed] cvvaa. 57
Oregon pine. ......c.oovvivnieneeneanennn. . .51 32
Paper........c.ciiiiiiii i .70 58
Petroleum, crude.................... ..., . .87 54
Petroleum, refined . . . ................... .79 50
Phosphaterock.................. ... ... 3.2 200
Phosphor bronze........................] ..., 537
Pine—long leaf yellow................... .70 44
Pine—short leaf yellow.................. .6 38
Pine—white.................oiiii.. .41 26
Pitch. ... ... i 1.07 69
Platinum, cast, hammered............... 21.1 1330
Plumbago............coviieiininenn e 140
Poplar......... .. ...l .48 30
Potatoes, piled........... ... oaell 42
Quartz, flint.. .. ... 2.5 165
Rubber, caoutchouc..................... .92 59
Rubbergoods.......................... 1.-2. 94
Rye...coooiiiii i e 48
Salt, granulated, piled .. .................] ... ... 48
Saltpeter............. A 67
Sand,dry,loose..................ooo ot 90~-105
Sand, wet. ...t e 120
Sandstone....................ooiiienn, 2.2 147
Shale, slate, piled. ......................| ... 92
Silver, cast, hammered................... 10.4 656
Soapstone, tale. . .............. ...l 2.6 169
Spruce, wflite, black..................... .4 27
Starch....... ..ot 1.53 96
Steel Cast. ... v 493
Steel, structural......................... 7.8 . 490
Sulphur........ ... il 1.93 125
Tale.........coiiiiiiiiiiiiiii i, 2.6 169
Tallow...........cooiiiiviniininnaed] cevvant 59
Tar, bituminous. . .............cooiviiie] cevennnn 75
.................................. .82 52
Tin, cast, hammered.................... 7.2 459
TIDOre......coviiiiiiiniiiiiiiiinnnn, 6.4-7.0 418
Walnut, black.................... . ... .61 38
Water; fresh................0. ...t 1. 62.5
Water,salt................ ... il.. 1.02 64
Wheat........oooviiiineiniiiiiieenea) i 48
White metal, Babbitt....................| ......... 456
Wool, pressed . . ............cooiiiin, 1.32 82
Zinc, cast, rolled. ....................... 6.9 440
Zinc ore, blende. . ..o voveii, 3.9 253




Cusic Feer rEr Ton (2240 Le.) or DIFFERENT MATERIALS®*

Material Su. gt Material Su. .
Alcohol in casks........ 80 || Ciderin casks......... 65
Almonds in bags. ...... 70 || Cigars in cases......... 180
Almonds in hogsheads...| 108 || Cinchona(Peruvianbark)| 140
Aniseed in bags........ 120 || Cloth goods in cascs....| 87
Apples in boxes........ 90 || Cloves in cases. ........ 50
Arrowroot in bags. .- ... 52 || Coal (Admiralty)....... 48
Arrowroot in boxes. . . .. 70 || Coal (American)....... 43
Arrowroot in cases. .. .. 50 || Coal (Newcastle)....... 45
Asbestos in cases. . ..... 53 || Coal (Welsh).......... 40
Asphalt............... 17 || Cocoa in bags.......... 80
Bacon in cases. ........ 65 || Cocoanuts in bulk...... 140
.............. 90 (| Coffee in R ) |
Barley in bags......... 59 || Coir yarn in bales...... 190
Barleyin bulk......... 47 k€. ...coviiiiinnnn. 80
Beans, haricot, in bags..| 68 [| Copper, cast........... 10
Beans in bulk.......... 47 || Copperore............ 1020
Beef, frozen, packed....| 93 || Copper sulphate in casks| - 50
Beef hung in quarters...| 125 pperas in casks...... 52
Beer, bottled, In cases...| 80 || Copra in cases......... 85
Beer in hogsheads. . . ... 54 || Cork wood in bales.. ... 270
Beeswax.............. 74 || Cotton—a bale of U. S.
Bone meal............. 45 cotton is 54 ins. by 27 by|
Bones, crushed........: 60 24 to 30 ins. high de-
Bones, loose........... 85 pending on the com-
ks..........out 50 pression, assuming 30
Borate of lime. ........ 50 ms. space occupied is
Boraxin cases......... 52 25.3 cu. ft. Average
Bottles, empty, in crates| 85 stowage per ton....... - 114
Bran compressed in balesy 80 || Cotton waste.......... 170
Bran in bags........... 110 || Cowrie shells in bags.. . . 75
Brandy, bottled, in cases| 55 || Creosote in casks. ..... 60
Brandy in casks........ 80 || Dates................. 43
Bread in bulk.......... 124°|| Earth, loose........... 25
Breadincases......... 155 || Earthenware in crates...| 47
Bricks................ 22 || Fish in boxes.......... 95
Buckwheat in bags. . ... 65 || Fish, frozen........... .60
Butter in kegs or cases. . 70 || Flax.................. 105
Camphor in cases. ..... 50 || Flourinbags.......... C 47
Candles in boxes....... 56 || Flour in barrels........ 60
Canvas in bales. ....... 43 || Freestone............. 16
Carpetsinrolls........ 80 || Fueloil............... 3940
Cassia in cases......... 184 || Fursincases.......... 130
Cellulose.............. 240 80
Cement in barrels. .. . ... 40 || Glass bottles........... 85
Chalk in barrels........ 38 || Glassware in crates..... 180
Cheese................ 70 || Granite blocks......... 16
Chicory in sacks. ...... 60 || Gravel, coarse......... 23
Chloride of lime in casks| 80 |l Grease................ 65
* From The Naval Constructor. G. Simpson.
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Cusic FeeT PER ToN (2240 L3.) oF DirrERENT MATERIALS—Con!.

Material Ee‘;tf)tn Material Eel:tg;:
Guano................ 42 || Nails, kegs............ 21
Gum................. 50 || Nitrate of soda........ 32
Gunny bags........... 50 || Nuts, Brazil, in barrels. 90
Gunpowder............ 48 || N ut.s plstachlo, in cases.| 70
Hair, pressed.......... 160 || Oatmeal in sacks....... 65
Ham in barrels......... 70 || Oatsin bags............ 78
Hay, compressed. . ..... 120 || Oats in bulk........... 61
Hay, uncompressed......| 140 || Oil, lubricating, in bbls.., 60
Hempinbales......... 100 (| Oilin drums........... 49
Hemp seed in bags. . ... 70 || Oil in bottles in cases...| 75
Herrings in barrels. . ...| 60 || Oil cake in bags........ 50
Herrings in boxes. . . ... 85 ||, Olives in barrels........ 67
Hides in bales. . ..... t.| 120 {| Onions in boxes. ....... 77
Hides in barrels. . ...... 50 |[ Oranges in boxes. .. .... 90
Hops in bales.......... 260 || Oysters in barrels. . .... " 60
Iee................... 39 || Paint in drums......... 16
India rubber, crude..... 72 || Paperinrolls.......... 120
Indigo in cases......... 67 || Peasinbags........... 50
Iron, cormgawd sheets. . 36 || Phosphate of lime. .. ... 42
Iron, pig.............. 10 || Pineapples, canned, and
Ivory ................. 28 inboxes.............. 60

Jute.................. 58 || Pitch in barrels. ....... . 45
Kaolin (China clay) in Potatoes in bags. . ..... 55
bags ................. 40 || Potatoes in barrels. . ... 68
Lard.................. - 70 || Prunesin casks. ....... 52
lead, pig.............. 8 isins. .............. 52
Lead pipes, random sizes Rapeseed............. 60
about................ 12 || Ricein bags........... 48
Leather in bales........ 90 || Ricemeal............. 62
Leatherinrolls. ....... 220 || Rope................. 135
Lemons............... 85 || Rum in bottles and cases| 66
Linseed in bags. ....... 57 || Rum in hogsheads.... .. 70
Locust beams in bulk. . 84 Rye inbags........... 53
Logwood.............. 92 || Sago.........oiiiinnn 585
Manure—phosphate. . 45 || Salt in buk........... 37
Maize in bags.......... 51 || Salt in barrels......... 52
Maize in bulk.......... 49 || Saltpeter.............. 36
Marble in slabs. ....... 17 || Sand, fine............. 19
Margarine in tubs.. . ... 69 || Sand, coarse........... 20
Marl................. 28 || Sandstone............. 14
Matches.............. 120 || Shellac................ 83
Melons............... 80 || Silkkin bales........... 125
Milk, condensed, in cases| 45 || Silkincases........... 112
Millet in bags.......... 50 || Slate. .. .............. 13
Mineral water in cases. . 70 || Soap in boxes.......... 46
Molasses in bulk....... 25 || Soda in baTs .......... 57
Molasses in puncheons. . 65 || Sodain casks.......... 54
Mutton. .............. 110 || Sponge................ 152




Cusic FeeT pER Ton (2240 I:B). oF DIiFFERENT MATERIALS—Cont.

Material feg-& Material p(i'r"tff,;
Starch in cases......... 100 || Ties, steel............. 38
Stone, paving.......... 50 || Tiles, roofing, in crates..| 85
Stone, limestone. . . .... 80 || Tobacco, Brazilian, in
Sugar in bags.......... 15 bales................ 40
Sugar in hogsheads. . . .. 13 || Tobacco, Turkish, in
Sugar in casks......... 40 small bales............ 150
Sulphur in bulk........ 54 || Turmeric ............. 80
Sulphur in cases........ 60 || Tirpentine in barrels . . 60
Sulphur in kegs........ 27 || Vermic.lli............. 110
Sumac in bags......... 40 || Water, fresh........... 36
Syrup...........o.... 60 || Water, salt............ 35
Tallow in barrels and| 70 || Wheat in bags......... 52
tierces. .............. 34 || Wheatifbulk......... 48
Tallow in hogsheads. . . . Whitening in casks. . ... 39
Tamarinds in cases. . ... 58 Woods, sawn into planks|
Tamarinds in casks orf 70| Ash................ 39
kegs................. 45 Beech ............... 51
Tan extract........... Em................ 60
Tapioca............... 54 Fir............o.... 65
Tar in barrels.......... 48 Greenheart . . 34
Tea, China, in chests...| 57 Mahogany 34
Tea, Indian, in cases...| 54 || Wool in sheets......... 260
Ties, oak.............. 100 || Wool in bales, pressed..{ 100
SuippiNG WEIGHTS OF AMERICAN LUMBER *
(Rough Lumber in lb. per 1,000 ft. board measure)
Ash, black............. 3,200 | Gum,sap.............. 3,000
Ash, white............. 3500 | Hemlock, . ...0.1 " 3,000
Basswood.............. 2,500 | Hickory............... 4,500
Beech................. 4,000 | Longleafpine........... 3,000
Birch.................. 4,000 | Mahogany............. 3,500
Butternut.............. 2,500 | Maple, soft............. 3,000
Cherry................ 3,800 | Maple, hard............ 3,900
Chestnut . .. ........... 2800 | Oak................... 3,900
Cottonwood............ 2,800 | Poplar, yellow.......... 2,800
Douglas fir............. 3,300 | Shortleaf pine.......... 4,200
Elm, rock.............. 3,800 | Sycamore.............. 3,000
Elm, soft.............. 3,000 | Tupelo................ 2,800
Gum,red.............. 3,300 | Walnut................ 4,000
Weight of Green Logs per 1,000 ft. board measure
Yellow pine (Southern)....................... 8,000 to 10,000 Ib.
Norway pine (Michigan)...................... 7,000 to 8,000 Ib.
Hemlock (Pennsylvania), bark off.............. 6,000 to 7,000 Ib.
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WEIGHTS 19
WEIGHTS OF MISCELLANEOUS UNITS OoF DIFFERENT PRODUCTS
’ : Lb.
Kegofmails............. oo i i, 100
Firkinof butter..............oiiiiiiiiiiiiiii i anens 56
Chest of tea. ... ... ... iiiii ittt iinennennns 68
Barrel of ﬂour etc —See Sizes of Barrels
Bushel of o 80
Bushel of ¢! ms ......... . 100
Bushel of barley 48
Bushelof beans............... ... ... i it 60
Bushel of buckwheat . ............ ... ... ... .. il 48
Bushel of charcoal. .. ......... ... .. ... . il 30
Bushel of castorbeans. . ........................ccoiiu... 50
Bushelof cloverseed.............. ... ... ... . ciiii... 60
Bushel of corn (shelled).................. ... . ... ... 56
Bushel of corn (oncob)...........coviiiiiiiiin ., 70
Bushelof malt...... ... ... ... . .. ... . ... . 34
Bushel of onions........... PN 57
Bushelofoats............. ... . ... 32
Bushelof potatoes. ..., 60
Bushelofrye......... ... i 56
Bushel of Timothy seed....................... ..., 45
Bushelof wheat . .. ........ ... .. ... ..., 60
Quarter or 8 bushels of wheat, .. ......................... 480
Gallonof molasses. .................ciiiiiiiiiinnnnnnnn. 12
Bale of United States cotton weighs. ...................... 500
Bale of Peruvian cotton weighs........................ ... 200
Bale of Brazilian cotton weighs . .......................... 250
Bale of East Indian cotton weighs......................... 400
Bale of Egyptian cotton weighs...................... e 750
Baleof juteweighs...................... ... ... ... .... 440

One bushel of wheat = 60 1b. = 1.244 cu. ft.
Eight bushels of wheat = one quarter = 9.952 cu. ft. = 480 Ib.
One ton of wheat = 424 quarters = 46.43 cu. ft. = 2240 1b.

A case of kerosene oil generally contains two 5-gallon cans
or ten l-gallon, in the former taking up 2 cu. ft. and in the
latter 2.1. Some hold fifteen 1-gallon cans and take up 3.2
cu. ft.

Gallonof honey.............ccoiiiiiiiiiiiiiiiiiet, 12
Gallon of crude oil about ... .. S 814
7bagsof sugar (oneton)...............coiiiiiiiiiiin., 2240
11 bags of potatoes (oneton).................ccouivuunnn. 2240
Onebagof flour............ .. ... ... i, 140
Cord of dry hickory. ..... ... ... .. 4369
Cordofdrymaple. ....... ... oot 2862

Linoleum ¥4 of an inch thick, including cement weighs 1.5 Ib.
per sq. ft.

Rubber tiling, % of an inch thick, weighs 2 lb. per sq. ft.

White tiling, {5 of an inch thick, weighs 6 1b. per sq. ft.



20 WEIGHTS, AND MEASURES

BunpLING SCHEDULE FOR BurTwELD PipE!?
This schedule applies to buttwéld wrought iron pipe only.

Standard Weight Pipe:
- A No. A Weigh

Sise No. i Fisees ol Feotper ol Bunal dle it
42 (Approx.) 500 120
24 450 190
18 340 190
12 245 210
7 140 160
5 100 168
3 60 138
3 58 158

Ezxtra Strong Pipe
~
e 42 500 157
Y e 24 450 241
| TR 18 330 244
| R 12 245 266
| 7 140 206
1 e 5 100 217
B 3 60 180
1M 3 58 211
Double Extra Strong Pipe
% TR 7 126 215
7 5 95 230
1 3 60 220
1Y e 3 60 310
1V 3 60 380

1 Adopted on June 1st, 1915, at the suggestion of the National Pipe and Supplies
Association.

BARRELS

There is no standard size of barrel universally adopted either
by Great Britain or the United States. In Great Britain an old
wine barrel = 2614 imperial gallons, an ale barrel = 3114 imperial
gallons and a beer barrel = 3614 imperial gallons. A French
barrique of Bordeaux = 228 liters = 50 imperial gallons. Four
barriques = 1 tonneau.



BARRELS ’ 21

A barrel for fruit, vegetables and other dry commodities as
fixed by a United States statute approved March 4, 1914, specifies
staves 284 ins. long, heads 1714 ins. dia., distance between heads
26 ins., circumference 64 ins., all outside measurements, repre-
senting as nearly as possible 7050 cu. ins. or 4.08 cu. ft., equivalent
to 105 dry quarts. Besides the above the different states specify
the dimensions of barrels for various commodities. The usual
barrel for liquids contains 3114 U. S. wine gallons of 231 cu. ins.
Below is a table of wood barrels.

Diamet Diamet
Material Held Top and at Height Cubic Feet
Bottom Bilge
(ins.) (ins.) (ins.)
Sugar............. 191¢ 214 30 5.60
Flour.............. 1714 1914 2814 4.36
Oil. .............. 2114 2534 33 8.37
52 gals.
Fish.............. 20 2214 30 6.23
Meat............. 211 25%4 33 8.37
Molasses.......... 22145 27%% ‘35 10.04
60 gals.
Salt.............. 1835 . 21 30 5.34
Cement........... 16 18 2814 3.75
Lime............. 16 . 18 2814 3.75
Apple............. 1714 19 2815 4.33
Potato............ 15 16%4 2814 3.22
Tar.............. 1914 2114 30 5.60

All dimensions are outside. The above barrels are of wood, data from G. A.
Rieley, Cleveland, O.

An oil company (Platt & Washburn Ref’g Co., New York) gave
the following figures on the sizes of their wood barrels and steel
drums: :

Material Tmam'd macm' Length |Capacit; Wt('ﬁ'ith T
# Botom | Bilge | 8t " About | o
Gns) | (ns) | Gns) | Gals) | by | @b)
Wood.............. 21 | 26 | 331 50 | 450 | 73
Wood half barrel....| 17 22 27 28 205 |45
Drum (steel)....... 22 26 34 50 450 50
Half-drum.......... 17 22 27 28 213 24

o



22 WEIGHTS AND MEASURES

- HorsE Powkrs )
Horse Power (h. p.), the unit of power equivalent to raising a
weight of 33,000 lb. one foot in one minute.

( 2.64 1b. of water evaporated per hour from
and at 212° F. '

746 watts
746 kw.
One horse powers o 000”4, Ib. per minute
. 550 ft. Ib. per second

2,545 heat units per hour
L 42.4 heat units per minute

Indicated Horse Power (i. h. p.) is the power as measured by
an indicator and calculated by the following formula:
P = mean effective pressure in pounds per sq. in. on the piston
as obtained from the indicator card
length of stroke in ft.
area of piston in sq. ins. ]
number of single strokes per minute or two times the num-
ber of revolutions

2
I

PLAN
33,000

Brake Horse Power (b. h. p.) is the actual horse power of an
engine as measured at the flywheel by a friction brake or dyna-
mometer. It is the indicated horse power .minus the friction of
the engine.

Then indicated horse power (i. h. p.) =

Boiler Horse Power.—See Boilers.

Nominal Horse Power (n. h. p.).—Lloyd’s formulae are as follows:

D = diameter of 1. p. cylinder in ins.

s = stroke in ins.

H = heating surface in sq. ft.

P = working pressure in pounds per sq. in.
N = number of cylinders

(1) Where the boiler pressure and heating surface are known

_ P +340 (D*v& , HY where boiler pressure is be-
N.h.p. 1000 100 T15)  low 160 Ib.
= P49 (D5 | HY where boiler pressure is
1500 100 15 above 160 1b.
If boilers are fitted with forced or induced draft then H/12 is
substituted for H/15.
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EQUIVALENT VALUES oF MECHANICAL AND ELEcTRICAL UNITS

f Equivalent Value in . Equivalent Value in
Unit Other Units Unit Other Units
33,000 ft.-lb. per minute 1 watt second
550 ft.-1b. per second 1 Joule = | .00134 h. p. second
746 watts (6)) .000000278 kw. hour
Horse- .746 kw. .000954 heat units,
power = | 2,545 heat units (B.t.u.) .7372 ft.-lb.
(h. p.) per hour
42.4 heat units per t
2.64 1b. water evap. per| 1.356 joules
houg from and at 212° F. 1 Foot~ .0000005 h. p. hour
pound = | .000000377 kw. hour
(ft -lb.) .001285 heat units
1,000 watts .1383 kilogram-meter
2,654,200 ft.-lb. per hour
1 Kilo- 44,232 ft.-lb. per minute
watt = 737.2 ft.-lb. per second . .379 h.p. hour
(kw.) 1 34 h.p. 11b. water | .283 kw. hour
412 heat units per hour | * | evaporated| 751,300 ft.-1b.

56 .9 heat units per minute| from and| 967. heat units
3.53 Ib. water_evap. ‘Per at 212° F.[ 1,019,000 joules .
hour from and at 212 =| 103,900 kilogram-meters

.00936 heat units

778 ft.-lb. 1 Kilogram| 7.233 ft.-lb.
1 British [ .000393 h. p. hour meter = | 9.8117 joules
Heat Unit| .000293 kw. hour (kgm.) .00000365 h. p. hour
= (B.t.u)| 1048. watt seconds .00000272 kw. hour
.001036 1b. waoer evap

from and at 212

T

(2) If boiler pressure And heating surface are not known
N.hp = 2%

for simple engines

D”\/—

for compound engines

=D¢
1

. (3) In vessels with Diesel engines

N.h.p_ ___N_XS%/_?
N X D* \/5

=0 for smgle actmg 2-cycle engines

0:)/— for triple and quadmple engines

for single acting 4-cycle engines

= NX#" for double acting 2-cycle engines

Shaft Horse Power (s. h. p.) is the power dehvered by the engine
or turbine to the shafting. See Turbines.
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Effective Horse Power (e. h. p.) See Powering Vessels.

Thrust Horse Power (t. h. p.) is the power delivered by the pro-
peller for the propulsion of the ship. Owing to the friction of the
working parts of the engine and shafting, the horse power trans-
mitted to the propeller is about 15 of the indicated. Horse power

1 by the propeller = thrustin lb. X dlstf ship travelsin ft. in 1 min.

_ 33000 X h. p. used by the propeller
~ " dist. ship travels in ft. in 1 min.

Thrust in Ib.

CoMPARISON OF THERMOMETER SCALES

Cent. | Reau. Fahr Cent. | Reau Fahr. Cent. | Reau Fahr
—40 |[-32.0 |-—-40.0 21 16.8 69.8 62 49.6 143.6
—38 [—30.4 |-36.4 22 17.6 71.8 63 . 50.4 145.4
—36 |—28.8 |-—32.8 23 18.4 73.4 64 51.2 147.2
—-34 |-27.2 |[-29.2 24 19.2 75.2 65 52.0 149.0
-32 |-25.6 |—25.8 25 20.0 77.0 66 52.8 150.8
—30 |—-24.0 [-22.0 26 20.8 78.8 87 53.6 152.6
~28 |—22.4 |-18.4 27 21.6 80.6 68 54.4 154.4
—26 |—20.8 |-—14.8 28 22.4 82.4 69 55.2 156.2
—24 |—-19.2 |-11.2 29 23.2 84.2. 70 56.0 1568.0
—22 [-17.6 |— 7.8 30 24.0 86.0 71 56.8 159.8
—20 |—16.0 |— 4.0 31 24.8 87.8 * 72 57.6 161.6
—18 |-14.4 |- 0.4 32 25.6 89.6 73 58.4 163.4
—-16 |-12.8 |4 3.2 33 26.4 91.4 74 59.2 165.2
—-14 |-11.2 6.8 34 27.2 93.2 75 60.0 167.0
-12 |- 9.6 10.4 35 28.0 95.0 76 60.8 168.8
-10 (- 8.0 14.0 36 28.8 96.8 it 61.6 170.6
— 8 |- 6.4 17.6 37 29.6 98.6 78 62.4 172.4
-6 [— 4.8 21.2 38 30.4 100.4 79 63.2 174.2
-4 (- 3.2 24.8 39 31.2 102.2 80 64.0 176.0
-2 |[—-1.86 28.4 40 32.0 104.0 81 64.8 177.8
0 0.0 32.0 41 32.8 105.8 82 65.6 179.6
+1 40.8 33.8 ‘42 33.6 107.6 83 66.4 181.4
2 1.6 35.6 43 34.4 109.4 84 67.2 183.2
3 2.4 37.4 44 35.2 111.2 85 68.0 185.0
4 3.2 39.2 45 36.0 113.0 86 68.8 | 186.8
5 4.0 41.0 46 36.8 114.8 87 69.6 188.6
6 4.8 42.8 47 37.6 116.6 70.4 190.4
7 5.8 44.6 48 38.4 118.4 89 71.2 192.2
] 6.4 46.4 49 39.2 120.2 72.0 194.0
9 7.2 48.2 50 40.0 122.0 91 72.8 195.8
10 8.0 50.0 51 40.8 123.8 92 73.6 - 197.6
11. 8.8 51.8 52 41.6 125.6 93 74.4 199.4
12 9.6 53.6 53 42 .4 127 .4 94 75.2 201.2
13 10.4 55.4 54 43.2 129.2 95 76.0 203.0
14 11.2 57.2 55 4.0 131.0 96 76.8 204.
15 12.0 |- 59.0 56 448 132.8 97 77.6 206.6
16 12.8 60.8 57 45.6 134.3 98 78.4 208.4
17 13.6 62.6 58 46.4 136.4 99 79.2 210.2
18 14 .4 64.4 - 69 47.2 138.2 100 80.0 212.0
19 15.2 66.2 60 48.0 140.0 P I
20 16.0 68.0 61 48.8 141.8 || .. | .... | ...

1) cqmmmsen
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, THERMOMETERS

Fahrenheit (F.) thermometer is used in the United States and
in Great Britain. The freezing point of water is marked 32 and
the boiling at sea level 212, the distance between these points is
divided into 180 parts or degrees. 32 parts are marked off from
the freezing point downwards, and the last one marked 0 or zero.

Centigrade (C.) is used extensively in Europe and in scientific
calculations. The freezing point of water is marked O, and the
boiling point at sea level 100, and the distance between is divided
into 100 parts or degrees.

To convert Fahrenheit readings into Centigrade, subtract 32
and multiply by §. To convert Centigrade into Fahrenheit
multiply by § and add 32.

Reaumur (R.) is used in Russia. The freezing point of water is
taken as O, and the boiling point 80. To convert Fahrenheit
readings into Reaumur subtract 32 and multiply by §.

To convert Reaumur into Fahrenheit multiply by % and add 32.

If the temperature be below freezing, “add 32” in the formula
becomes ‘‘subtract from 32” and ‘“‘subtract 32" becomes ‘‘sub-
tract from 32.” See table on page 24.

CIRCUMFERENCES AND ARE.:S8 OF CIRCLE ADVANCING BY EIGHTHS

Diameter Circum. Area Diameter Circum. Area

;f .3927 .0123 3 .817 7.669
7854 .0491 : 10.210 8.295
3 1.178 .110 10.603 8.946
1.570 .196 10.996 9.621
1.963 .308 gg 11.388 10.321
2.356 .441 11.781 11.045
% 2.741 .601 % 12.174 11.793
1 3.141 .785 4 12.566 12.566
zg 3.534 .994 12.959 13.364
3.927 1.227 13.352 14.186
3% 4.319 1.485 13.744 15.033
4.712 1.767 14.137 15.904

5.105 2.074 14.530 16.
5.497 2.405 14.923 17.728

% 5.890 2.761 % 15.315 18.
2 6.283 3.141 5 15.708 19.635
6.675 3.546 16.101 20.629
7.068 3.976 . 16.493 21.648
7.461 4.430 6.886 22.691

14 7.854 4.908 17.279 23.7.

8.246 5.411 17.671 24.850
8.639 5.939 8.064 25.967
% 9.032 6.491 % 18.457 27.109
3 9.424 7.088 [ 18.850 28.274
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MATHEMATICAL TABLES

INnvoLuTiON AND EvoLuTioN

The quantity represented by the letter a multiplied by a quan-
tity represented by the letter b, is expressed a X b or ab.

Quantities in brackets thus (¢ 4+ b) (a + b) signify they are to
be multiplied together.

To square a number multiply the number by itself. Thus the
square of 4 (often written 4?) is 4 X 4 = 16. '

To cube a number multiply the square. by the number. Thus
cube of 4 (written 43) = 4 X 4 X 4 = 16 X 4 = 64.

To find the fourth power of a number, multiply the cube by
the number. Fourth power of 4 = 64 X 4 = 256.

The nth power of a number as a® is obtained by multiplying
the logarithm of the number by n and then finding the number
corresponding to the logarithm. Thus 5'8= log. of 5 X 1.8, and
from the table of logarithms find the number corresponding to thls
logarithm.

/" is the radical sign and either with or without the index figure
2 as \/ indicates that the square root of the quantity under it is

to be taken. Thus the v/7is 2. ~/ indicates the cube root is

to be taken as \8/— is 2.~/ that the fourth root as ~/256 is 4.
The fourth root is the square root of the square root, and the sixth
root is the cube root.of the square root.

Any root of a number as \/a may be obtained by taking the

logarithm of the number a and dividing it by the index n and from
the table of logarithms finding the corresponding number.

To Extract the Square Root of a Number.—Point off the given
number into periods of two places each beginning with units. If
there are decimals, point these off likewise beginning at the decimal
point, and supplying as many ciphers as may be required. -

Find the greatest number whose square is less than the first left-
hand period, and place it as the first figure in the quotient. Sub-
tract its square from the left-hand period, and to the remainder
annex the two figures of the second period for a dividend.

Double the first figure of the quotient for a pmtnMwmr Find
how many times the latter is contained in the dividend exclusive
of the right-hand figure, and set the figure representing that num-
ber of times as the second figure in the quotient and annex it .to
the right of the partial divisor, forming the complete divisor. Mul-
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tiply this divisor by the second figure in the quotient and subtract
the product from the dividend. To the remainder bring down
the next period and proceed as before, in each case doubling the
figures in the root already found to obtain the trial divisor. Should
the product of the second figure in the root by the completed di-
visor be greater than the dividend, erase the second figure both from
the quotient and from the divisor, and substitute the next smaller
figure or one small enough to make the second figure by the divisor
less than or equal to the dividend.

Find the square root of 3.141592

3.141592 | 1.772 + square root
1
27 | 214
1189
347 | 2515
2429
3542 | 8692
7084

To Extract the Cube Root.—Point off the number into periods
of three figures each, beginning at the right hand or units’ place.
Point off decimals in periods of three figures from the decimal point.
Find the greatest cube that does not exceed the left-hand period,
write its root as the first figure in the required root. Subtract
the cube from the left-hand period, and to the remainder bring
down the next period for a dividend.

Square the first figure of the root, multiply by 300, and divide
the product into the dividend for a trial divisor, write the quotient -
after the first figure of the root as a trial second figure.

Complete the divisor by adding to 300 times the square of the
first figure, 30 times the product of the first by the second figure
and the square of the second figure. Multiply this divisor by the
second figure, and subtract the product from the remainder. Should
the product be greater than the remainder the last figure of the root
and the complete divisor are too large; substitute for the last figure
the next smaller number and correct the trial divisor accordingly.

To the remainder bring down the next period, and proceed as
before to find the third figure of the root; that is, square the two
figures of the root already found, multiply by 300 for a trial di-
visor, etc. If the trial divisor is less than the dividend bring down
) another period of three figures, and place 0 in the root and proceed
? as before. . .
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The cube root of a number, will contain as many figures as there
are periods of three in the number. .
Find the cube root of 1,881,365
1,881,365 |_123.4 cube root
1
300 | 881
60| °
4
364 | 728
300 X 122 = 43200 | 153365
30 X 12 X 3 = 1080
3= 9
44289 | 132867
[Above ples from Mechanical Engineer’s Pocket Book. Wm. Kent.)

LOGARITHMS

The logarithm (log.) of a number is the exponent of the power
to which it is necessary to raise a fixed number or base to produce
the given number. Thus if the base is 10, the log. of 100 is 2, for
10 = 100. Logarithms having 10 as the base are called common
or Brigg’s logarithms, while those with 2.718281 are hyperbolic or
Naperian. Common logarithms are given in the table on pages 29-30.
The hyperbolic log. of 3 number is equal to the common log. of the
number X 2.302585.

With the aid of logarithms, multiplication, division, involution
and evolution of large numbers may be shortened. Thus, to mul-
tiply two numbers, add their logarithms, and then find the number
whose logarithm is their sum. To divide one number into another,
subtract the logarithm of the smaller from the larger, and find the
number whose logarithm is the difference, which number will be
the quotient.

To raise a number to a given power, multiply the logarithm of
the number by the exponent of the power, and find the number
whose logarithm is the product.

To find any root of a number, divide the logarithm of the number
by the index of the root, and the quotient will be the logarithm of
the root; then by referring to the table of logarithms the number
can be found.

The logarithm of a number oonsnsts of ‘two parts, viz., a whole
number called the characteristic, and a decimal or mantlssa. The
characteristic is one less than the number of figures to the left

-
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Squares, Cuskes, SQuArE Roors, CuBe RooTs, LoGARITHMS,
CIRCUMFERENCES AND CIRCULAR AREAS oF Nos. FrRoM 1 To 50

No. = Dia.
No. Square Cube Sﬂoot ﬁ‘;‘;‘: Log.
Circum. Area
1 1 1 . 1.0000 | 0.00000 3.142 0.7
2 4 8 | 1.4142 | 1.2509 | 0.30103 6.283 3.1416
3 9 27 | 1.7321 | 1.4422 | 0.47712 9.425 7.
4 16 2. 1.5874 | 0.60206 | 12.566 12.5664
5 25 125 | 2.2361 | 1.7100 | 0.69897 | 15.708 19.6350
6 36 216 | 2.4495 | 1.8171 | 0.77815 | 18.850 28.2743
7 49 343 | 2.6458 | 1.9129 | 0.84510 | 21.991 38.4845
8 64 512 | 2.8284 | 2. 0. 25.133 50.
9 81 729 | 3.0000 | 2.0801 | 0.95424 | 28.274 63.6173
10 100 1000 | 3.1623 | 2.1544 | 1. 31.416 78.5398
11 121 1331 | 3.3166 | 2.2240 | 1.04139 | 34.558 95.0332
12 144 1728 | 3.4641 | 2.2804 | 1.07918 | 37.699 113.097
13 169 2197 | 3.6056 | 2.3513 | 1.11 40.841 132.732
14 196 2744 | 3.7417 | 2.4101 | 1.14613 | 43.982 | 153.938
15 225 3375 | 3.8730°| 2.4662 | 1.1 47.124 176.715
16 256 4006 | 4.0000 | 2.5198 | 1.20412 | 50.265 { 201.062
17 289 4913 | 4.1231 | 2.5713 | 1. 53.407 | 226.980
18 324 5832 | 4.2426 | 2.6207 | 1.25527 | 56.549 | 254.469
19 361 6859 | 4.3580 | 2.6684 | 1.27875 | 59.600 | 283.529
20 8000 | 4.4721 ( 2.7144 | 1.30103 | 62.832 { 314.159
21 441 9261 | 4. 2.7580 | 1.32222 | 65.973 | 346.361
22 484 10648 | 4.6904 | 2.8020 | 1.34242 | 96.115 | 380.133
23 12167 | 4.7958 | 2.8439 | 1.36173 | 72.257 | 415.476
24 576 13824 | 4.8990 | 2.8845 | 1. 75.398 | 452.389
25 625 15625 | 5.0000 | 2.9240 | 1.39794 | 78.540 | 490.874
26 676 17576 | 5. 2.9625 | 1.41497 | 81.681 530.929
27 1 5.1962 | 3. 1.43136 .823 | 572.555
28 784 21952 | 5.2915 | 3.0366 | 1.44716 | 87.965 | 615.752
29 841 24389 | 5.3852 | 3.0723 | 1.46240 | 91.106 | 660.520
30 27000 | 5.4772 | 3.1072 | 1.47712 | 94.248 | 706.858
31 961 29791 | 5.5678 | 3.1414 | 1.49136 97.389 .768
32 1024 32768 | 5.6569 | 3.1748 | 1.50515 | 100.531 | 804.248
33 1089 35937 | 5.7446 | 3.2075 | 1.51851 | 103.673
34 1156 39, 5.8310 { 3.2396 | 1.53148 | 106.814 | 907.920
35 1225 42875 | 5.9161 | 3.2711 | 1.54407 | 109.956,( 962.113
36 1296 46656 | 6. 3.3019 | 1.55630 | 113.097 | 1017.88
37 1369 50653 | 6.0828 | 3.3322 | 1. 116.239 | 1075.21
38 1444 54872 | 6.1644 | 3.3620 | 1.57978 | 119.381 | 1134.11
39 1521 59319 | 6.2450 | 3.3912 | 1.50106 | 122.522 | 1194 .59
40 1 6.3246 | 3.4200 | 1. 125.66 1256 .64
41 1681 68921 | 6.4031 | 3.4482 | 1.61278 | 128.81 1320.25
42 1764 74088 | 6.4807 | 3.4760 | 1.62325 | 131.95 | 1385.44
43 1849 79507 | 6.5574 | 3.5034 | 1.63347 | 135.00 | 1452.20
44 1936 85184 | 6.6332 | 3.5303 | 1.64345 | 138.23 | 1520.53
45 91125 | 6.7082 | 3.5569 | 1.65321 | 141.3 1590.43
46 2116 97336 | 6.7823 | 3.5830 | 1.66276 | 144.51
47 103823 | 6.8557 | 3.6088 | 1.67210 | 147.65 | 1734.94
48 2304 | 110592 | 6.9282 | 3.6342 | 1.68124 | 150.80 | 1 56
49 2401 117649 | 7.0000 | 3.6593 | 1.69020 | 153.94 1885.74
50 2500 | 125000 | 7.0711 | 3.6840 | 1.69897 | 157.08 | 1963.50

of the décimal point in the number whose logarithm is to be found.

Thus the-characteristic of numbers from 1 to 9.999 is 0, from 10 to

99.999 is 1, and so on. Should the number be a decimal with no

figures to the left of the decimal point, then the characteristic is

negative and is equal to the number of places the first figure is from
29 )



Squares, CuBgs, SQUARE Roors, CuBE Root1s, LoGARITHMS,
CIRCUMFERENCES AND CIRCULAR AREAS OF Nos. FRoM 51 To 100

‘C be No. = Dia.
No. Square Cube Sﬁgg:e R‘;ot Log.
Circum. Area

1 2601 132651 | 7.1414 | 3.7 1.70757 160.22 2.82
52 2704 8 | 7.2111 | 3.7325 | 1.71 163.36 2123.72
148877 | 7.2801 | 3.7563 | 1.72428 166.50 18
54 2916 157464 | 7.3485 | 3.7798 | 1.73239 169.65 2290.22
55 3025 166375 | 7.4162 | 3.8030 | 1.7 172.79 2375.83
56 3136 175616 | 7.4833 | 3.8259 | 1.74819 175.93 2463.01
57 3249 185193 | 7.5498 | 3.8485 | 1.75687 179.07 2551.76
58 64 195112 | 7.6158 | 3.8709 | 1.76343 182.21 2642.08
59 3481 205379 | 7.6811 | 3.8830 | 1.77085 185.35 2733.97
60 3600 216000 | 7.7460 | 3.9149 | 1.77815 188.50 2827 .43
61 3721 226981 | 7.8102 | 3.9365 | 1.78533 191.64 2022.47
62 3844 238328 | 7.8740 | 3.9579 [ 1.79239 194.78 3019.07
3969 2, 7.9373 | 3.9791 | 1.79934 197.92 2117.25
64 4096 262144 | 8. 4.0000 | 1. 8 201.06 3216.99
65 4225 274625 | 8.0623 | 4.0207 | 1.81291 204 .20 3318.31
66 4356 287496 | 8.1240 ( 4.0412 | 1.81954 207.35 3421.19
67 4489 300763 | 8.1854 | 4.0615 | 1.82607 210.49 3525.65
4624 314432 | 8.2462 | 4.0817 | 1.83251 213.63 3631.68
69 4761 328. 8.3066 | 4.1016 | 1. 216.77 3739.28
70 4900 3. 8.3666 | 4.1213 | 1.84510 219.91 3848.45
71 5041 357911 | 8.4261 | 4.1408 | 1. 223.05 3959.19

72 5184 373248 | 8.4853 | 4.1602 | 1.85733 226.19 4071
73 5329 389017 | 8.5440 | 4.1793 | 1.86332 .34 4185.39
74 5476 405224 | 8.6023 | 4.1983 | 1.86923 232.48 4300 .84
75 5625 421875 | 8. 4.2172 | 1.87506 235.62 4417 .86
76 5776 438976 [ 8.7178 | 4.2358 | 1.88081 238.76 46
77 5929 456533 | 8.7750 | 4.2543 | 1.88649 241.90 4656 .63
78 6084 474552 | 8.8318 | 4.2727 | 1. 245.04 4778 .36
79 6241 493039 | 8. 4.2908 | 1.89763 248.19 4901 .67
80 6400 512000 | 8.9443 | 4.3089 | 1. 251.33 5026.55
81 6561 531441 | 9.0000 | 4.3267 | 1.90849 254 .47 5153.00
82 6724 551368 | 9.0554 | 4.3445 | 1.91381 257.61 5281.02
6889 571787 | 9.1104 | 4.3621 | 1.91908 260.75 5410.61
7056 592704 | 9.1652 | 4.3795 | 1.92428 263.89 5541.77
85 7225 614125 | 9.2195 | 4.3968 | 1.92942 267.04 5674 .50
86 96 636056 | 9.2736 | 4.4140 | 1.93450 270.18 5808.80
87 658. 9.3274 | 4.4310 | 1.93952 273.32 5944 .68
88 7744 631472 | 9.3808 | 4.4480 | 1.94448 276.46 6082.12
89 7921 704969 | 9.4340 | 4.4647 | 1.94939 279.60 6221.14
90 8100 72 9.4868 | 4.4814 | 1.95424 282.74 6361.73
91 8281 753571 | 9.5394 | 4.4979 | 1.9 285.88 6503 .88
92 64 778688 | 9.5917 | 4.5144 | 1.96379 289.03 61
93 8649 804357 | 9.6437 | 4.5307 | 1.96848 292.17 6792.91
94 8836 830584 | 9.6954 | 4.5468 | 1:97313 295.31 6939.78
95 9025 857375 | 9.7468 | 4.5629 | 1.97772 298.45 7088.22
96 9216 884736 | 9.7980 | 4.5789 | 1.98227 301.59 7238.23
97 9409 912673 | 9.8489 | 4.5947 | 1.98677 304.73 7389 .81
98 9604 941192 | 9.8995 | 4.6104 | 1.99123 307.88 7542.96
99 9801 970299 | 9.9499 | 4.6261 | 1.99564 311.02 7697.69
100 10000 |[1000000 (10.0000 | 4.6418 | 2. 314.16 7852.98

the decimal point. Thus the characteristic of numbers from .1
to 999 is — 1, from .01 to .099 is — 2, .0000072 is — 6, etc. The
mantissa or decimal part is only given in the table, the decimal
point being omitted. The minus sign is frequently placed above
the characteristic thus: log. .31830 = 1.50285 or 9.50285 — 10.

30
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If a number is multiplied or divided by any integral power of
10, producing another number with the same sequence of figures,
the mantissae of their logarithms will be equal. To find the logarithm
of a number take from the table the mantissa corresponding to its
sequence of figures, and the characteristic may be prefixed by the
rule given above.

Thus if log. of 3.053 = .484727
log. 30.53 = 1.484727 log. .3053 = 9.484727 —10
log. 305.3 = 2.484727 log. .03053 = 8.484727 —10 -
log. 3053. = 3.484727 log. .003053 = 7.484727 —10

The above property is only enjoyed by the common or Brigg's
logarithms and constitutes their superiority over other systems of
logarithms.

-GEOMETRICAL PROPOSITIONS

The sum of the angles of a triangle is equal to 180°.
If a triangle is equilateral it is equiangular.
In a right-angled triangle the square on the hypothenuse is equal
to the sum of the squares of the other two sides. .
A straight line from the vertex of an isosceles triangle perpendicu-
lar to the base bisects the base and the vertical angle.

A circle can be drawn through any three points not in the same
straight line.

If a triangle is inscribed in a semicircle, it is right-angled.

In a quadrilateral the sum of the interior angles is equal to four
right angles or 360°.

In a parallelogram the opposite sxdes are equal, as also the oppo-
site angles are equal

A parallelogram is bisected by its dmgona]s, which in turn are
bisected by each other. .

If the sides of a polygon are produced, then the sum of the exterior
angles is equal to four right angles.

The areas of two circles are to each other as the squares of their
radii.

If a radius is perpendicular to a chord, it bisects the chord and
the arc subtended by the chord.

From a point without a circle only two tangents can be drawn
‘to the circle. The tangents so drawn are equal.

A straight line tanzent to a.circle meets it at one point, and it
is perpendicular to the radius drawn to that point.
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If an angle is formed by a tangent and a chord, it is measured
by one-half of the arc intercepted by the chord.
If an angle at the circumference of a circle between two chords
is subtended by the same arc as an angle at the center between
. two radii, the angle at the circumference is equal to half the angle
at the center.

ProPERTIES OF CIRCLES AND ELLIPSES

Circle.—The ratio of the circumference of a circle to its diameter
is 3.141592 and is represented by the symbol = (called Pi)

Circumference of a circle = diameter X 3.14159

Diameter of circle X .88623

Circumference of circle X .28209 .

Circumference of circle X 1.1284 = perimeter of equal square

Side of square of equal periphery as circle = diameter X .7854

Diameter of circle circumscribed about square = side X 1.4142

Side of square inscribed in circle = diameter X .70711

To find the length of an arc of a circle, multiply the diameter
of the circle by the number of degrees in the arc and this product
by .0087266. Or let C represent the length of the chord of the
arc and c¢ the length of the chord of half the arc, then the length
8 —C

3

} = side of equal square

of the arc =

Chord of the arc = 2 X radius X sin @—gﬁ‘éde—g

Rise (the perpendicular distance from the center of the chord
to the arc) = radius — 14 4/ 4 radius? — length of chord?

— 2 X radius X sin? angle in degrees

4
For areas of segmerts and sectors see Areas.

x» = 3.1415926 log. = 0.497149
—;’— = 7853982 log. = 1.895090
L - ons30 log. = T.5028501

T _ -y
.0 = 0174533 log. 2.2418774
180 .
- = 57.2957795 log. = 1.7581226
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Ellipse. Let D = major axis
d = minor axis

Approximate circumference = 3.1416 ‘/
Area = D X d X .78539

+ &
2

=2 r d X 3.14159
AREAs OF PLANE FIGURES AND SURFACES OF SOLIDS
Plane Figures.
Triangle = base X 14 altitude
’ = v/ 8(8—a)(s —b) (s —c) where s = 14 sum
of the three sides a, b and ¢
Parallelogram = base X altitude
Trapezoid = altitude X 14 the sum of the parallel sides
Trapezium = divide into two triangles and find area of the
triangles
Circle diameter? X .7854 = = X radius?

length of arc X 14 the radius
= X radius? X angle in degrees
360
radius? X angle in degrees
Segment of circle.—Where the line forming the segment cuts the
circle, draw lines to the center forming a sector and a center angle A.

. .
Then area of segment = radzma 3.1416 X 1:813 degrees sin A)

Sector of circle

= .0087266 X

Circle of same area as square: diameter = side X 1.12838
Square of same area as circle: side = diameter X .88623
Ellipse = long diameter X short diameter X .7854

Parabola = base X 24 perpendicular height.

Regular polygon = sum of its sides X perpendicular from its
center to one of its sides divided by 2. Or multiply 14 the
perimeter by the perpendicular from the center to a side.

Irregular polygon: draw diagonals dividing it into triangles, and
find the sum of the areas of the triangles.

Trapezoidal Rule.—To find the area of a curvilinear figure, as
ABCD (see Fig. 1), divide the base into any number of con-
venient equal parts, and erect perpendiculars meeting the curve.
To the half sum of the first and last perpendiculars add the sum of
all the intermediate ones; then the sum multiplied by the common
interval will give the area. *



34 WEIGHTS AND MEASURES

'T"TQI |T
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/;4:"7

4—1—6—1—» i—é

Figure 1

-\‘T__y

Let 7 = the common interval
Y1, Y2, etc., lengths of the perpendiculars to the line A D

Then thearea ABC D = h (’%—y' +yz+ya+y4+ys+ye)

Simpson’s First Rule.—This rule assumes that the curved line
B C forming one side of the curvilinear area A B C' D (see Fig. 2)
is a portion of a curve known as a parabola of the second order
whose equation is y = ax? + bz + c.

' C
8 3
s>\ q)‘ "‘l\\
A 4 % I
Figure 2

Divide the base into any convenient even number of parts, and
erect perpendiculars to meet the curve. To the sum of the end
perpendiculars or ordinates add four times the even numbered
ordinates and twice the odd numbered ordinates. Multiply the

sum by one-third the common interval and the product will be
the area.

Thus the area 4 B C D in Fig. 2 =§(y1+4y,+y,)

Ortheareaof A BC DinFig. 1 = % 1+ 492+ 2y3+ 4ya+ 24
+ dyet ) -

r.
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It is found that areas given by the above approximate rule for
curvilinear figures are very accurate, and the rule is extensively

used in ship calculations.

Ezample. The ordinates to a curve are 1.5, 3.1, 5.2, 6.0, 6.5, 7.0, 8.1, 8.5
2d 9.0 ft., the common interval is 3 ft. Find the area.

Number of Length of Simpson’s Functions of
Ordinate Ordinate Multipliers Ordinates
1.5 1 1.5
3.1 4 12.4
5.2 2 10.4
6.0 4 24.0
6.5 2 13.0
7.0 4 28.0
8.1 2 16.2
8.5 4 34.0
9.0 1 9.0
148.5

Common interval = 3 ft.

Then the area = 3§ X 3 X 148.5 = 148.5 sq. ft.

The multipliers may be Y4 of those given in the example, viz.,
4,2,1,2,1,2,1,2, 1,2, 14 and the sum of the functions multiplied

by 24 the common interval as above.

The 1% multipliers are in

some cases easier to work with, as the sum of the functions is a

smaller number.

Simpson’s Second Rule assumes that the curve B C (see Fig. 3)
is part of a parabola of the third order, where y = az + bz + cz.

o

B - -

§L EN N ‘7\

ot Lo

A 2
Figure 3

The area of the curve A B C D, Fig. 3, is%h (& + 3y + 3ys + w0)

or the curve in Fig. 1 is % W+ 3yt 3ys+ 2y4+ 3ys+ 3ys+ y1)

Here the number of ordinates must be a multiple of 3 plus 1.

J—-
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Simpson’s first rule is used more than the second as it is simpler
and is quite as accurate.

Surface of Solids.—Lateral surface of a right or oblique prism
or cylinder = perimeter of the base X lateral length. To get the
total surface add the areas of the bases to the lateral surface.

Pyramid or cone, right and regular, lateral surface = perimeter
of base X 14 slant height. To get total surface add area of base.

Frustum of pyramid or cone, right and regular parallel ends,
lateral surface = (sum of perimeters of base and top) X 14 slant
height. To get total surface add areas of the bases to the lateral
surface. .

Surface of a sphere = 4 » radius? = = diameter?.

Surface of spherical sector = ¥4 x r (4b + ¢). See Fig. 4.

Surface of a spherical segment = 2 v rb = 1{ x (4b® + ¢?). See
Fig. 5. .

Surface of a spherical zone = 2 = rb. See Fig. 6.

Surface of a circular ring = 4 #* Rr. See Fig. 7.

. Surface of a regular polyhedron (a solid whose sides are equal
regular polygons) = area of one of the faces X the number of faces.

VoLuMES oF SoLips

Prism, right or oblique regular or irregular.—Volume = area of
section perpendicular to the sides X the lateral length of a side.

Cylinder, i'lght or oblique, circular or elliptic, etc.—Volume =
area of section perpendicular to the sides X the lateral length of
a side.

Frustum of any prism or cylinder.—Volume = area of base X
. perpendicular distance from base to center of gravity of opposite
face. )

Pyramid or cone, right or oblique, regular or irregular.—Volume
= area of base X 1§ the perpendicular height.

Frustum of any pyramid or cone, parallel ends.—Volume =
(sum of the areas of base and top plus the square root of their
products) X 14 the perpendicular height.

Wedge, parallelogram face.—Volume = sum of three edges X
perpendicular height X perpendicular width.

Sphere.—Volume = $# = (radius)® or (diameter)® X .5236.

NS | S
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Volume = 3§ b

|
L
Figure 4
Spherical Sector

B
.l

- .
— P
‘L__—C‘L.l Volume = 1§ » b (3r — b)

/

. Figure 5
Spherical Segment

P —o —

. j ‘
( —T /)‘, Volume =y = b (3a*+ 3c*+ 45?)
4

— — ¢ —
Figure 6
Spherical Zone

pr—t-r

I) : | (I Volume = 2 ®* R
1
- T

Figure 7
Circular Ring
8
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.T.
+ . Volume = ¥ rrab

.—v ——.

Figure 8
Ellipsoid .
-
N Volume = ¥ 12 h
gl
Figure 9
Paraboloid

Regular polyhedron.—Volume = ares of its surface X 14 the per-
pendicular from the center to one of the faces.

The volume of any irregular prismatic solid may be obtained by
dividing it into prisms or other bodies whose contents can be calcu-
lated by the above formulae. The sum of the contents of these
bodies will give the total volume of the solids.

To find the volume of a solid bounded by a curved surface, as the
underwater portion of a ship’s hull, divide the solid by a series of
planes or sections spaced an equal distance apart.

The area of each section can be calculated by either the tra-
pezoidal or Simpson’s rule, or by means of an instrument called a
planimeter. The areas of the sections can be laid off on ordinates
which are spaced the same distance apart as the sections which
the body was divided into. A curve is drawn through the points
laid off on the ordinates, and the area of the curvilinear figure is
the volume of the solid.

Ezample. The areas of cross sections of a ship below the load water line are 1.2,
17.6, 41.6, 90.7, 134.3, 115.4, 61.7, 30.4 and 6.6 sq. ft. .The sections are 9.5 ft.
apart. Find the volume in cubic feet, and the displacement in tons of salt water.

de
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Number of Section Area ﬁ'ﬁg;‘;;:’ Functions of Areas
1.2 1 1.2
17.6 4 70.4
416 2 832
90.7 1 362.8
134.3 2 268.6
115.4 1 661.6
61.7 2 123.4
30.4 1 121.6
6.6 1 6.

1,699.4

Volume = 3§ X 9.5 ft. X 1,609.4 = 5,381.4 cu. ft.
5,381.4
Displ t = = 153.7 tons
35

To find the volume of a cross coal bunker or a side bunker having
the same cross section throughout, divide the height into inter-

vals and calculate the area of the section by Simpson’s first rule. .

Multiply the area thus found by the length of the bunker, giving
the capacity in cubic feet. To convert this into tons divide by
42, a8 42 cu. ft. is usually taken as one ton of 2240 Ib.

.

8
1]
-4
A 3 c
Figure 10
TRIGONOMETRY

The complement of an angle or arc is what remains after sub-
tracting the a.ngle or arc from 90°. If an arc is represented by A4,
its complement is 90°—A. Hence the complement of an arc that
exceeds 90° is negative.

The supplement of an angle or arc is what remains after sub-
tracting the angle or arc from 180°. If 4 is an are, its supplement
is 180°—A. The supplement of an arc that exceeds 180° is negative.

-
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As the sum of the three angles of a triangle is equal to 180°, any
angle is the supplement of the other two.
Trigonometric Functions.—In the right triangle (Fig. 10) if 4
is one of the acute angles, a the opposite side, b the adjacent side
and ¢ the hypotenuse,

Then

sine of angle A
cosine of angle A
ta.ngentofaﬁgle A

cotangent of angle 4

secant of angle

.|

cosecant of angle A

versed sine of angle 4
exsecant of angle A4

For angle B

sin B =

co8 B =

tan B =

el ola o|e

sin A =

g

cos A = sin

]

& ofe aola

tan4A = cotan B =

If a circle is divided into four quadrants, the upper right-hand
quadrant is called the first, the upper left the second, the lower
left the third, and the lower right the fourth. The signs of the
functions in the four quadrants are as follows:

b

opposite side
hypotenuse

adjacent side
hypotenuse
opposite side
adjacent side
adjacent side
opposite side
hypotenuse

adjacent side

hypotenuse

opposite side
1 — cosine A
secant A-1

cotan B
sec B
cosec B
cotan A
sec AA

cosec A

ele oo ol oo afo ale

[ ]
olo ale o|a

c.
=ge¢c B = —
a
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First Second Third Fourth

" Sine and cosecant............ + + - -
Cosine and secant ............ + - - +
Tangent and cotangent ....... + + -

The symbol sin”'z means the angle whoee sine is z, and is read
mverse sme of z and anti sine of = (also arc sine z). Similarly
1z, tan'z, etc. While the direct functions sine, cos, etc are
smgle valued, the indirect are many, thus sin 30" = .5, but sin”t.5 =
30° or 150°.

If an acute -angle and one side or if two sides of a right triangle
are given the other elements can be determined. Let A and B be
acute angles (see Fig. 10), a and b the sides opposite them. The
acute angles are complementary, that is A 4+ B = 90°. “Five cases
may be distinguished.

vaencandAthena =csin 4,b = ¢cos B
a “ A b =acot A,c =acosec A
b “ A a =btand,c = bsec A

e “ ¢ A = gin™? -g—, b =V'(cFa) (c—a)
a “b A= ta.n‘l-%-,c =Vaif &

.Solution of Oblique Triangles.—If any three of the six elements
(three angles and three sides) of a triangle are known, the remain-
ing three can be found, provided one of the given three is a side.
There are four cases as follows:

Case 1. Given one side and two angles.

The third angle equals 180° minus the sum of the two gwen

If the given side be a then b = a;;nfandc = %g

Case 2. Given two sides (a and b) and the included angle C.

Then A = % (A + B) + }4(A — B)
B=13%A+B)—-%A-B)
_asnC
gin A

Cau 3. Given two sides a and b, and the angle A opposite one
of them.

gin B = Tl;- gin A giving two values of B, one acute and one

(4

obtuse unless sin B > 1 in which case the data are impossible. Call-
ing these two values B, and B,, then
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corresponding to B;, C; = 180 — (A + B);and ¢, = a;:’f‘
_ _ _asinCy.
B,;, Cy = 180 — (A + B)x 0=

That is, there are two solutions unless C: <0 when only the first
holds. A triangle should be constructed as then the two solutions
will become more evident.

Case 4. Given the three sides. Lets = Y4 (a + b + ¢)

Then cos Y44 = ¢/2 & —a)
be

oos%B-‘/s(‘—b)

cos 5 = 4/2L =9

There are two kinds of trigonometrical tables for the computa-
tion of the sides and angles of a triangle, viz., natural sines, tan-
gents, etc., and logarithmic sines, tangents, etc. Natural sines,
tangents, etc., are calculated for a circle whose radius is unity,
and logarithmic sines, tangents, etc., for a circle whose radius is
10,000,000,000. With natural sines long operations in multipli-
cation and division are necessary, while with logarithmic sines
these operations in conjunction with a table of logarithms are
reduced to addition and subtraction.

sin A 1
Trlgonomei:-lc Formulae.—tan AA- wsd ¢ Al = i
. co8
tan 4 = g -cotan 4 = o cosec 4 = oy

gin? A +cos'4d =1
1+ tan? A =sect A 1+ cotan® A = cosec* A
sin (A + B) = sin A cos B + cos A sin B
cos (A + B) = cos A cos B — sin A gin B
gsin (A — B) = sin A cos B — cos A sin B
cos (A — B) = cos A cos B + sin A sin B

. o s 2tan A

gin 24 =2sin A cos A tan 2A=1—_.—TA
> . cot?t A — 1

cos2A =cos' A —sin? A cota.n2A=2—2_

R R R e

- 1+cosd - 1+ cosd
cos 44 = & Ees 4 cotan 35 4 :!:‘/———I_MA




SINES, €COSECANTS, TANGENTS, ETC.

NaturaL SiNEs, CosECANTS, TANGENTS, ETC.

Sine Conecant | Tangent | Cotangent | Secant | Cosine

82885 BEBVzo LBV LBBBZ. TBBVso

B85

8350

.000000 | Infinite. | .000000 | Infinite. | 1.00000 |1.000000
002900 | 343.77516 | .002009 | 343.77371 | 1.00000 | .999006
.005818 | 171.88831 | .006818 | 171.88540 | 1.00002 | .009983
.008727 | 114.50301 | .008727 | 114.58865 | 1.00004 | .000062
.011635 | 85.945600 | .011636 | 85.939701 | 1.00007 | .990932
014544 | 68.757360 | .014545 | 68.750087 | 1.00011 | .999804

017452 57.208688 .017{55 57.280062 | 1.00015 | .000848

~026177 | 38.201550 | .026186 | 38.188450 [ 1.00034 | 990657
.029085 | 34.382316 | .020007 | 34.367771 | 1.00042 | .009577
031002 | 31.257577 | .032009 | 31.241577 | 1.00051 | .009488

034800 | 28.653708 | .034021 | 28.636253 | 1.00061 | .009301

.037806 | 26.450510 | .037834 | 26.431600 | 1.00072 | .909285

040713 | 24.562123 040747 24.541758 | 1.00083 | .909171
22.925586 99904

. 043661 | 22.903766 | 1.00095 | .
046525 | 21.403676 046576 21.470401 | 1.00108 | .998017
040431 | 20.230284 | .040491 | 20.205553 | 1.00122 | 098778

.052336 | 19.107323 | .052408 | 19.081137 | 1.00137 | .998630
.055241 | 18.102619 | .055325 | 18.074977 | 1.001563 | .098473
068145 | 17.198434 | .058243 | 17.160337 | 1.00169 | .098308
.061049 | 16.380408 | .061163 | 16.340855 | 1.00187 | .008135
063052 | 15.636703 | .064083 | 15.604784 | 1.00205 | .997357
14057882 | .067004 | 14.924417 | 1.00224 | .997763

58888,

. . 1
-072658 | 13.763115 | .072851 | 13.726738 | 1
.075559 | 13.234717 835776 13.106888 {
1
1

078459 . .
.081350 | 12.201252 | .081629 | 12.250505
.084258 .

.087156 | 11.473713 | .087489 ll 430052 | 1 096195
090053 | 11.104540 | .000421 | 11.050431 | 1 90593
.092950 | 10.758488 | .093354 10 711013 | 1. 905671
.095846 | 10.433431 | .096289 | 10.385397 | 1 .905396
008741 | 10.127522 | .009226 | 10.078031 . 1 995113
9.7881732 004822

.101635 | 9.8391227 | .102164

104528 | 9.5667722 | .105104 | 9.5143645 | 1.00551 | .904522
.107421 | 9.3001609 | .108046 | 9.2553035 | 1.00682 | .994214
.110313 | 9.0651512 | .110000 { 9.0008261 | 1.00614 | .993897

Cosine Secant |Cotangent| Tangent |Cosecant| Sine

For functions from 83° 40’ to 96° read from bottom of table upward.

8838 =8YSZo

588880

S8E88

8o 588880
8 g
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NaTuRrAL SINEs, CosBcaNTs, TANGENTS, ETC.—Continued
° 4 Sine Cosecant | Tangent | Cotangent | Becant | Cosine | * °
@ | 30 | .113203 | 8.8336715 | .113936 8 7108814 l 00647 | .993572 | 30
40 | .116093 | 8.6137001 | .116883 68 | 1.00681 | .993238 | 20
50 | .118082 | 8.40455686 | .119833 8 34495858 | 1.00715 | .902806 | 10
7 0| .121869 | 8.2055000 | .122785 | 8.1443464 | 1.00751 | . 0| 83
10 | .124756 | 8.0156450 | .125738 .9530224 | 1.00787 | .902187 | 50
20 | .127642 | 7.8344335 | .128604 7703506 | 1.00825 | .991820 | 40
30 | .130526 | 7.6612076 | .131653 | 7.5057541 | 1.00863 | .991445 | 30
40 | .133410 | 7.4057100 | .134613 | 7.4287064 | 1.00002 | .991061 | 20
50 | .136202 | 7.3371909 | .137576 | 7.2687255 | 1.00942 10
8 0| .139173 | 7.1852065 | .140541 | 7.1153607 | 1.00083 | .990268 | 0| 82
10 | .142053 | 7.0396220 | .143508 | 6. 1.01024 | .989859 | 50
20 | .144032 | 6.8997942 | .146478 | 6.82 1.01067 | .989442 | 40
30 | .147809 | 6.7654601 | .149451 | 6.6011562 | 1.01111 | .989016 | 30
40 | .150686 | 6.6363203 | .152426 | 6.5605538 | 1.01155 | .988582 | 20
50 | .153561 | 6.5120812 | .155404 | 6.4348428 | 1.0! 988139 | 10
9 0| .156434 | 6.3024582 | .158384 | 6.3137515 | 1.01247 | 987688 | 0 | 81
10 | .159307 | 6.2771933 | .161368 | 6.1970279 | 1.01204 | .987229 | 50
20 | .162178 | 6.1660674 | .164354 | 6.0844381 | 1.01342 | .986762 | 40
30 | .165048 | 6.0588080 | .167343 | 5.0757644 | 1.01301 | .986286 | 30
40 | .167916 | 5.9553625 | .170334 | 5.8708042 01440 | .985801 | 20
50 | .170783 | 5.8553021 | .173329 | 5.7603688 | 1.014901 | .985300 | 10
« 10| o .173648 | 5.7587705 | .176327 | 5.6713818 | 1.01543 | .984808 | 0 | 8O
10 | .176512 | 5.6653331 | .170328 | 5.5763786 | 1.01505 | .984208 | 50
20 | .179375 | 5.5749258 | .182332 | 5.4845052 | 1.01649 | .083781 | 40
30 | .182236 | 5.4874043 | .185339 | 5.3055172 | 1.01703 | .983255 | 30
40 | .185005 | 5.4026333 | .188359 | 5.3092793 | 1.01758 | .982721 | 20
50 | .187953 | 5.3204860 | .101363 | 5.2256647 | 1.01815 | .982178 | 10
1 0| .100800 | 5.2408431 | .104380 | 5.1445540 | 1.01872 | 981627 | 0| 79
10 | .193664 | 5.1635024 | .197401 | 5.0658352 | 1.01930 | .981068 | 50
20 | .196517 | 5.0886284 [ .200425 | 4.9804027 | 1.01980 | .980500 | 40
30 | .199368 | 5.0158317 | .208452 | 4.9151570 | 1.02049 | .970025 | 30
40 | .202218 | 4.9451687 | .206483 | 4.8430045 | 1.02110 | .979341 | 20
50 | .205065 | 4.8764007 | .200518 | 4.7728568 | 1.02171 | .978748 | 10
12 0| .207912 4. 212557 | 4.7046301 | 1.02234 | 978148 | 0| 78
10 | .210756 215500 | 4.6382457 | 1.02208 | .977539 | 50
20 | .213599 4 0816748 .218645 | 4.5736287 | 1.02362 | .976921 | 40
30 | .216440 | 4.6202263 | .221605 | 4.5107085 | 1.02428 | .976296 | 30
40 | .219279 | 4. 224748 | 4.4494181 | 1.02404 | .975662 | 20
50 | .222116 | 4.5021565 | .227806 | 4. 1.02562 | .975020 | 10 | 77
° ’ | Cosine Secant |Cotangent| Tangent |Cosecant| Sine ’ °

For funotions from 77° 10’ to 83° 30’ read from bottom of table upward.
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NaTURAL SiNEs, CosECANTS, TANGENTS, ETC.—Conlinued

’ Sine Cosecant | Tangent | Cotangent | Secant | Cosine | / °
0| .224051 | 4.4454115 | .230868 | 4.3314759 | 1.02630 | .974370 | 0 | 7
10 | .227784 | 4.3901158 | .233034 | 4.2747066 | 1.02700 | .973712 | 50
20 | .230616 | 4.3362150 | .237004 | 4.2193318 | 1.02770 | .973045 | 40
30 | .233445 | 4.2836576 | .240079 | 4.1652088 | 1.02842 | .972370 | 30
40 | .236273 | 4.2323043 | .243158 | 4.1125614 | 1.02014 | .971687 | 20
50 | .239008 | 4.1823785 | .246241 | 4.0610700 | 1.02987 | .970995 | 10
0 | .241922 | 4.1335655 | .249328 | 4.0107800 | 1.03061 | .970206 | 0 | 76
10 | .244743 | 4.0859130 | .252420 | 3.9616518 | 1.03137 | .969588 | 50
20 | .247563 | 4.0393804 | .255517 | 3.9136420 | 1.03213 | .968872 | 40
30 | .250380 | 3.9039292 | .258618 | 3.8667131 | 1.03290 | .068148 | 30
40 | .253195 | 3.0495224 | .261723 | 3.8208281 | 1.03363 | .067415 | 20
50 | .256008 | 3.9061250 | .264834 | 3.7750519 | 1.03447 | .066675 | 10
0| .258819 | 3.8637033 | .267949 | 3.7320508 | 1.03528 | .965026 | 0 | V6
10 | .261628 | 3.8222251 | .271060 | 3.6890927 03609 | .965169 | 50
20 3.7816506 | .274195 3 6470467 | 1.03691 | -964404 | 40
30 | .267238 | 3.7419775 | .277325 | 3.6058835 | 1.03774 | .963630 | 30
40 | .270040 | 3.7031506 | .280460 | 3.5655749 | 1.03858 | .062849 | 20
50 | .272840 | 3.6651518 | .283600 | 3.5260938 | 1.03944 | .962059 | 10
0 | .275637 | 3.6279553 | .286745 | 3.4874144 | 1.04030 | .961262 [ 0 | 74
10 | .278432 | 3.5015363 | .280896 | 3. 1 1.04117 | .960456 | 50
20 | .281225 | 3.5568710 | .203052 | 3.4123626 | 1.04206 | .950642 | 40
30 | .284015 | 3.5 .206214 | 3.37. 1.04295 | .958820 | 30
40 | .286803 | 3.4867110 | .209380 | 3.3402323 | 1.04385 | .957900 | 20
50 | .289589 4531735 | .3025683 | 3. 1.04477 | .957151 | 10
0| .202372 | 3.4203036 | .305731 | 3.2708526 | 1.04569 | ,056305 | 0 | 78
10 | .205152 | 3.3880820 | .308914 | 3.2371438 | 1.04663 | .955450 | 50
20 | .297930 | 3.3564900 | .312104 1.04757 | .954588 | 40
30 | .300706 | 3. 315200 | 3.1715948 | 1.04853 | .953717 | 30
40 | .303479 | 3.2951234 | .318500 | 3.1397194 | 1.04950 20
50 | .306249 | 3.2653149 | .321707 | 3.1084210 | 1.05047 | .951051 | 10
0| .300017 | 3.2360680 | .324020 | 3.0776835 | 1.05146 | .951057 | 0 | 72
10 | .311782 | 3.2073673 | .328139 | 3.0474915 | 1.05246 | .950154 | 50
20 | .314545 | 3.1791078 | .331364 | 3.0178301 | 1.05347 | .949243 | 40
30 | .317305 | 3.1515453 | .334595 | 2.9886850 | 1.056449 | .948324 | 30
40 | .320082 | 3.1243059 | .337833 | 2.0600422 | 1.05552 | .947397 [ 20
50 | .322816 | 3.0077363 | .341077 | 2.9318885 | 1.05657 | .946462 | 10
0] .325568 | 3.0715535 | .344328 | 2.9042109 | 1.05762 | 945519 | 0 | 71
10 | .328317 | 3.0458352 | .347585 | 2.8769970 | 1.05869 | .944568 | 40
20 | .331063 | 3.0205693 | .350848 | 2.8502340 | 1.05076 | .943609 ; 40 | 70
* | Cosine | BSecant [Cot t| Tangent [ Cosecant| Sine ’ °

For functions from 70° 40’ to 77° 0° read from bottom of table upward.



NaTURAL SiNES, CosECANTS, TANGENTS, ETC.—Conlinued

WEIGHTS AND MEASURES

4 Sine Cosecant | Tangent | Cotangent | Secant | Cosine | * °
30 | .333807 | 2.9957443 | .354119 | 2.8230129 | 1.06085 | .942641
40 | .336547 | 2.9713490 | .357396 | 2.7980198 | 1.06195 | .941666 | 20
50 | .339285 | 2.9473724 | .360680 | 2.7725448 | 1. .940684 | 10
0. 2.9238044 | .3 2.7474774 | 1.06418 | 930603 | 0 | 70
10 | .344752 | 2.9006346 | .367268 | 2.7228076 | 1.06531 | .938694 | 50
20 | .347481 | 2.8778532 | .370573 | 2.6985254 | 1.06645 | .937687 | 40
30 | .350207 2.8554510 .373885 | 2.6746215 | 1.06761 | .936672 | 30
40 | .352931 | 2.8334185 | .377204 | 2.6510867 | 1.06878 | .935650 | 20
50 | .355651 | 2.8117471 | . 2.6279121 | 1.06095 | .934619 | 10
0| .358368 | 2.7004281 | .383864 | 2.6050891 | 1.07115 | .933580 | 0 | 69
10 | .361082 | 2.7694532 | .387205 | 2.5826084 | 1.07235 | .932534 | 50
20 | .363793 | 2.7488144 | .390554 | 2.5604649 | 1.07356 | .931480 | 40
30 | .366501 | 2.7 393011 | 2.5386479 | 1.07479 | .930418 | 30
40, .3% 2.7085139 | .397275 | 2. 5171507 1.07602 | .929348 | 20
50 | .371 2.6888374 | .400647 1.07727 | .928270 | 10
0 | .374607 | 2.6604672 | . 2.4750869 | 1.07853 | .927184 | o | €8
10 | .377302 | 2.6503062 | .407414 | 2.4545061 | 1.07981 | . 50
20 | .379994 | 2.6316180 | .410810 | 2.43421 1.08109 | .924989 | 40
30 | .382683 | 2.6131259 | .414214 | 2.4142136 | 1.08239 | . 30
40 | .385369 | 2.5040137 | .417626 | 2.3044889 | 1.08370 | .922762 | 20
50 | .388052 | 2.5769753 | .421046 | 2.3750372 | 1.08503 | .621638 | 10
0 | .390731 | 2.5503047 | .424475 | 2.3588524 | 1.08636 0 67
10 | .393407 | 2.5418061 | .427912 | 2.3360287 | 1.08771 | .919364 | 50
20 | .396080 | 2.5247440 | .431358 | 2.3182606 | 1.08907 | .918216 | 40
30 | .308749 | 2.5078428 | .434812 | 2.2908425 | 1.09044 | .917060 | 30
40 | .401415 | 2.4911874 | .438276 | 2.2816693 | 1.00183 | .915896 | 20
50 2.4747726 | .441748 | 2.2637357 | 1.00323 | .914725 | 10
0 | .406737 | 2.4585033 | .445229 | 2.2460368 | 1.09464 | 913545 | 0 | 66
10 | .409392 | 2.4426448 | .448719 | 2.2285676 | 1.09606 | .912358 | 50
20 | .412045 | 2.4260222 | .452218 | 2.2113234 | 1.09750 | .911164 | 40
30 | .414693 | 2.4114210 | .455726 | 2.1942097 | 1.09895 | .909961 | 30
40 | .417338 | 2.3961367 | .459244 | 2.1774920 | 1.10041 | .908751 | 20
50 | .419980 | 2.3810650 | .462771 | 2.1608958 | 1.10189 | .907533 | 10
0 | .422618 | 2.3662016 | .466308 | 2.1445068 | 1.1 906308 | 0| 65
10 | .425253 | 2.3515424 | .469854 | 2.1283213 | 1.10488 | .905075 | 50
20 | .4278%4 | 2.3370833 | .473410 | 2.1123348 | 1.10640 | .903834 | 40
30 | .430611 | 2.3228205 | .476976 | 2.0965436 | 1.10793 | .902585 | 30
40 | .433135 2 3087501 | .480551 | 2.0809438 | 1.10947 | .901329 | 20
50 7! 2.2948685 | .484137 | 2.0655318 | 1.11103 10| 64
* | Cosine Secant [Cotangent| Tangent |Cosecant| Bine . °

For functions from 64° 10’ to 70* 30’ read from bottom of table upward.

~d?



SINES, COSECANTS, TANGENTS, ETC. 47

NaTuraL SiNes, CosEcANTS, TANGENTS, ETC.—Continued
P

R Sine Cosocant | Tangent | Cotangent | Secant | Cosine | °
0| .438371 | 2.2811720 | .487793 | 2.0503038 | 1.11260 | .898794 | 0 | 64
10 | .440984 | 2.2676571 | .491339 | 2.0352565 | 1.11419 | .897515 | 50
20 | .443593 | 2.2543204 | .494955 | 2.0203862 | 1.11579 | .896229 | 40
30 | .446198 | 2.2411585 | .498582 | 2.0056807 | 1.11740 | .894934 | 30
40 | .4487909 | 2.2281681 | .502219 | 1.9911637 | 1.11903 | .893633 | 20
50 | .451397 | 2.2153460 | .505867 | 1.9768050 | 1.12067 | .892323 | 10
0 | .453900 | 2.2026803 | .500525 | 1.9626105 | 1.12233 | .891007 | 0 | 63
10 | .4 2.1901947 | .513195 | 1.9485772 | 1.12400 | .880682 | 50
20 | .459166 | 2.1778595 | .516876 | 1.9347020 | 1.12568 | .888350 | 40
30 | .461749 | 2.1656806 | .520567 | 1.9209821 | 1.12738 | .887011 | 30
40 | .464327 | 2.1536553 | .524270 | 1.0074147 | 1.12910 | .885664 | 20
50 | .466001 | 2.1417808 | .5 1.8039971 | 1.1 884300 | 10
0 | .460472 | 2.1300545 | .531709 | 1.8807265 | 1.13257 0| 62
10 | .472038 | 2.1184737 | .535547 | 1.8676003 | 1.13433 | .881578 | 50
20 | .474600 | 2.1070350 | .539195 | 1.8546159 | 1.13610 | .880201 | 40
30 | .477150 | 2.0057385 | .542956 | 1.8417 1.13780 | .878817 | 30
40 | 470713 | 2.0845792 | .546728 | 1.8290628 | 1.13970 | .877425 | 20
50 | .482263 | 2.0735556 | .550515 | 1.8164892 | 1.14152 | .876026 | 10
0 | .484810 | 2.0626653 | .554309 | 1.8040478 | 1.14335 | .874620 | 0 | 61
10 | .487352 | 2.0519061 | .558118 | 1.7917362 | 1.14521 | .873206 | 50
20 | .480800 | 2.0412757 | .561939 | 1.7795524 | 1.14707 | .871784 | 40
30 | .492424 | 2.0307720 | .565773 | 1.7674940 | 1.14896 | .870356 | 30
40 | .494953 | 2.0203020 | 560619 | 1.7565590 | 1.15085 | .868! 20
50 | .497479 | 2.0101362 | .573478 | 1.7437453 | 1.15277 | .867476 | 10
o]. 2.0000000 | .577 .7320508 | 1.15470 | .866025 | 0 | 60
10 | .502517 | 1.9809822 | .581235 | 1.7204736 | 1.15665 | .864567 | 50
2. 1.9800810 | .585134 | 1.7000116 | 1.15861 | .863102 | 40
30 | .507538 | 1.9702044 | .589045 | 1.6076631 | 1.16050 | .861620 | 30
40 | .510043 | 1.9606206 | .502970 | 1.6864261 | 1.16250 | .860149 | 20
50 | .512543 | 1.0510577 | .596008 | 1.6752988 | 1.16460 10
0 | .515038 | 1.9416040 | 600861 | 1.6642705 | 1.16663 | .857167 | 0 | 59
10 | -517529 | 1.9322578 | .604827 | 1.6533663 | 1.16868 | .855665 | 50
20 | 520016 | 1.9230173 | .608807 | 1.6425576 | 1.17075 | .854156 | 40
30 | .522499 | 1.9138809 | .612801 | 1.6318517 | 1.17283 | .852640 | 30
40 | .524077 | 1. 69 | .616809 | 1.6212469 | 1.17403 | .851117 | 20
50 | 527450 | 1.8950138 | .620832 | 1.6107417 | 1.17704 | .849586 | 10
0| .529019 | 1.8870799 60 | 1.6003345 | 1.17018 | .848048 | 0 | 38
10 | .53 1.8783438 | .628921 | 1.5000238 | 1.18133 | .846503 | 50
20 1.8697040 1.5798079 | 1.18350 | .844951 87
* | Cosine Secant  |Cot Tangent | Cosecant | Sine ' °

For functions from 57° 40’ to 64° 0’ read from bottom of table upward.

A



WEIGHTS AND MEASURES

48
NaTuraL SiNes, CosEcaNTs, TANGENTS, ETC.—Continued
\
° 4 Sine Cosecant | Tangent | Cotangent | Secant | Cosine | ’ °
32 |30 .53 1.8611590 | .637079 { 1.5606856 | 1.18560 | .843301 | 30
40 | .539751 | 1.8527073 | .641167 | 1.55906552 18790 | .841825 | 20
50 | .542197 | 1.8443476 | .645280 | 1.5497155 | 1.19012 | .840251 | 10
33 0| .544639 360785 | .64 1. 1.19236 | .838671 | 0| &7
10 | .547076 | 1.8278985 | .653531 | 1.5301025 | 1.10463 | .837083 | 50
20 | .540509 | 1.8198065 | .667710 | 1.5204261 | 1.19601 | .835488 | 40
30 | .561937 | 1.8118010 | .661886 | 1.5108352 | 1.19920 | .833886 | 30
. 40 | .554360 8038809 | .666077 | 1.5013282 | 1.20152 | .832277 | 20
50 | .556779 | 1.7960449 | .670285 | 1.4919039 | 1.20386 | .830661 | 10
34 0| .559193 | 1.7882016 | .674509 | 1.4825610 | 1.20622 | . 0| 56.
10 | .561602 | 1.7806201 | .678749 | 1.4732083 | 1.20859 | .827407 | 50 |-
20 | .564007 7730290 | .683007 | 1.4641147 | 1.21009 | .825770 | 40
30 | .566406 | 1.7655173 | .687281 | 1. 1.21341 | .824126 | 30
40 | .568801 | 1.7580837 | .601573 | 1. 1.21584 | .822475 | 20
50 | .571191 | 1.7507273 1 1 1.4370268 | 1.21830 | .820817 | 10
35 0 | .573576 | 1.7434468 | .700208 | 1.4281480 | 1.22077 | .819152 | 0| 85
10 | .575957 | 1.7362413 | .704552 | 1.4193427 | 1.22327 | .817480 | 50
20 | .578332 | 1.7291006 | .708913 | 1.4106098 | 1.22579 15801 | 40
30 | .580703 | 1. 713203 | 1.4019483 | 1.22833 | .814116 | 30
40 | .583060 | 1.7150639 | .717691 | 1.3933571 | 1.23080 | .812423 | 20
50 | .585429 | 1.7081478 | .722108 | 1. 1.23347 | .810723 | 10
36 0 | .587785 | 1.7013016 | .726543 | 1.3763810 | 1.23607 | .809017 | 0 | 64
10 | .590136 | 1.6945 730096 | 1.3679959 | 1.23860 | .807304 | 50
2. 1.6878151 | .735460 | 1.3506764 | 1.24134 | .806584 | 40
30| .5 1.6811730 | .730961 | 1.3514224 | 1.24400 | .803857 | 30
40 | .597159 | 1.6745970 | .744472 | 1.3432331 | 1.24660 | .802123 | 20
50 | 590489 | 1. 1749003 | 1.3351075 | 1.24040 | . 10
37 0| .601815 | 1.6616401 | .753 . 327 1.25214 | .798636 | 0| 53
10 | .604136 | 1.6552575 | .758125 | 1.3190441 | 1.25489 | .7! 50
20 | .606451 | 1.6489376 | .762716 | 1.3111046 | 1.25767 | .795121 | 40
30 | .608761 | 1.6426796 | .767627 | 1.3032254 | 1.26047 | .793353 | 30
40 | .611067 | 1.6364828 | .771959 7 .26330 | .791579 | 20
50 | .613367 | 1.6303462 | .776612 | 1.2876447 | 1.26615 98 | 10
38 0| .615661 | 1.6242602 | .781286 | 1.2799416 | 1.2 788011 | 0| &2
10 | .617951 | 1.6182510 | .785081 | 1.2722957 | 1.27101 | .786217 | 50
20 | .6 1.6122008 | .790698 | 1.2647062 | 1.27483 | .784416 | 40
30 | .622515 | 1.6063870 | .705436 | 1.2571723 | 1.27778 | .782608 | 30
40 | .624789 | 1.6005416 | .800196 | 1.2496033 | 1.28075 | .780794 | 20
50 | .627057 | 1.5047511 | . 1.2422685 | 1.28374 | .778973 | 10 | 51
° ’ | Cosine Secant |Cotangent] Tangent |Cosecant| Sine 4 °

For functions from 51° 10’ to 57° 30’ read from bottom of table upward.




SINES, COSECANTS, TANGENTS, ETC. 49
Naturar SiNes, CosEcanTs, TANGENTS, ETC.—Conlinued
° +'| Sine Cosecant | Tangent | Cotangent | Secant | Cosine | °
3| of. 1.5800157 | .800784 | 1. 1.28676 | 777146 | 0 | 51
10 | .631578 | 1.5833318 | .814612 | 1.2275786 | 1.28080 [ .775312 | 50
20 | .633831 | 1.5777077 | 819463 | 1.2203121 | 1.20287 | .773472 | 40
30 | .636078 | 1.5721337 | .824336 | 1.2130970 | 1.20897 | .771625 | 30
40 | .638320 | 1.5666121 | .829234 | 1.2050327 | 1.20900 | .769771 | 20
50 | .640857 | 1.5611424 | .834155 | 1.1988184 | 1.30223 | .767911 | 10
40 | o] .e42788 | 1.5557238 | .839100 | 1.1917536 | 1.30541 | .7 ol 50
10 | .645013 | 1.5503558 | .844069 | 1.1847376 | 1.30861 | .764171 | 50
20 | .647233 | 1.5450378 | 849062 | 1.1777608 | 1.31183 | .762202 | 40
30 | .649448 | 1.5307600 | .854081 | 1.1708496 | 1.31509 | .760406 | 30
40 | .651657 | 1.5345401 | 859124 | 1.1639763 | 1.31887 | 758514 | 20
50 1| 1.5293773 | 864193 | 1.1571405 | 1.32168 | 756615 [ 10
41 | o .656050 | 1.5242531 | .860287 | 1.1503684 | 1.32501.| 754710 | 0 | 49
10 | 658252 | 1.5191750 | |874407 | 1.1436326 | 1.32838 { .752798 ( 50
20 | .660439 | 1.5141452 [ 870853 | 1.1369414 | 1.33177 | .750880 | 40
30 | .662620 | 1.5091605 | ".884725 | 1.1302044 | 1.33510 | .748956 | 30
40 | .664796 | 1.5042211 | .880924 | 1.1236009 | 1.33864 | .747025 | 20
50 1.4993267 | .895151 | 1.1171305 | 1.34212 [ .745088 | 10
42 | o .oo0131 | 1.4044765 | 000404 | 1.1106125 | 1.34563 [ 743145 | 0 | 48
10 | .671280 | 1.4806703 | .005685 | 1.1041365 | 1.34917 | .741195 | 50
20 | 073443 | 1.484f 910004 | 1.0077020 | 1.35274 | .730239 | 40
30 | .675500 | 1.4801872 | 916331 | 1.0913085 | 1.35634 | .737277 | 30
40 | .677732 | 1.4755005 | .921607 | 1.0849554 | 1.35907 | .735309 | 20
50 | .679863 | 1.4708736 1 | 1.0786423 | 1.36363 | .733335 | 10
43 | o] .es1008 | 1. .032515 | 1.0723687 | 1.36733 | .731354 [ 0 | 47
10 | 634123 | 1.4617257 | 937968 | 1.0661341 | 1.37105 | .729367 | 50
20 | 686242 | 1.4572127 | .043451 | 1. 1.37481 | .727374 | 40
30 | .688355 | 1.4527. -948065 | 1.0537801 | 1.37860 | .725374 | 30
40 | 000462 | 1. -054508 | 1.0476508 | 1.38242 | .723360 | 20
50 | .602563 | 1.4430120 | .960083 | 1.0415767 | 1.38628 | .721357 | 10
44 | of .ende58 | 1. . 1.0355303 | 1.30016 | .719340 | 0 | 46
10 | 696748 | 1.4352393 | .971326 | 1.0205203 | 1.39409 | .717316 | 50
20 | 008832 | 1. 1976006 | 1.0235461 | 1.39804 | .715286 | 40
30 | .700009 | 1.4267182 | .982607 | 1.0176074 | 1.40203 | .71325¢ | 30
40 | .702081 | 1.4225134 | . 1.0117088 | 1.40606 | .711209 | 20
50 | .705047 | 1.4183454 | 094109 | 1.0058348 | 1.41012 | .709161 | 10
45 | o .707107 | 1.4142136 |1.000000 | 1.0000000 | 1.41421 | .707107 | 0 | 45
° * | Cosine Secant |Cotangent] Tangent | Cosecant| Sine ’ °

For functions from 45° 0’ to 51° 0’ read from bottom of table upward.



50 WEIGHTS AND MEASURES

’

MOMENT oF INERTIA, RADIUS QF GYRATION AND CENTER OF GRAVITY

Moment of Inertia.—The moment of inertia of a section is the
sum of the products of each elementary area of the section times the
square of its distance from an axis through the center of gravity
of the section or other axis assumed for purposes of computation.
Thus suppose an area A be divided into a large number of small
areas @, and that each has its own radius r, from the assumed axis,
then the moment of inertia I = 3 a 2. See table on page 52.

Radius of Gyration.—This is equal to the square root of the
quotient of the moment of inertia divided by the area of the section,

expressed, R = ,‘/ I/A. The radius of gyration is used in column

calculations. The unbraced length of the section divided by the radius
of gyration is termed the ratio of slenderness. See Columns.

Center of Gravity of a body is that point about which, if sus-
pended, all the parts would be in equilibrium, that is, there would
. be no tendency to rotate. If a body is suspended at its center
of gravity, it will be in equilibrium in all positions. If it is sus-
pended at any other point it will swing into a position such that
its center of gravity is vertically below its point of suspension.

To Find the Center of Gravity of a Cross Section of a Ship.—
First find the moment of the area about an end ordinate by taking
each ordinate and multiplying it by its distance from the end
ordinate. These products put through Simpson’s rule will give the
moment of the ﬁgure about the end ordinate, which moment divided
by the area will give the distance of the center of gravity of the
area from the end ordinate.

Ezxample. A sectionof a st has half breadths beginning at the load water
line, 4.86, 4.20, 3.40, 2.42, 1.33, .70 and .10 ft. spaced 2 ft. apart. Find how
far from the load water line the center of gravity of the section is.

Number Lengt.h 8i 's | Functi Number of | Products
of of Multi- of Intervals for
Ordimate Ordinate pliers Ordinates | from No. 1| Moments

1 4.86 1 4.86 [1] .00
2 4.20 4 16.80 1 16.80
3 3.40 2 6.80 2 13.60
4 2.42 4 9.68 3 29.04
5 1.33 2 2.66 4 10.64
6 .70 4 2.80 5 14.00
7 .10 1 1.00 6 6.00

44.60 90.08




CENTER OF GRAVITY 51

Half area from load water line = 1§ X 2 X 44.60.
Moment of half arca about load water line = 1§ X 2 X 2 X 90.08.
Distance center of gravity of section below load water line

14 X2 X2 X90.08
315 X2 X 44.60
If the total area or total moment was desired multiply by 2.

= 4.03 ft.

To Find the Center of Gravity of a Water Plane from its Middle
Ordinate.—Lay off a table thus:

Number of
Number of | Length of | Simpson’s | Functions of | Intervals | Products for
inate O te | Multipliers | Ordinates |from Middle] Moments
Ordinate
1 .10 e .06 5 .25
- 14 2.48 2 4.96 4% 22.32
2 4.86 134 7.29 4 29.16
3 8.75 4 35.00 3 105.00
4 11.16 2 22.32 2 44.64
5 12.12 4 48.48 1 48.48,
6 12.25 2 24.50 0 249.85
7 12.25 4 49.00 1 49.00
8 11.92 2 23.84 2 47.68
9 11.12 4 44.48 3 133.44
10 9.10 134 13.65 4 54.60
1034 6.80 2 13.60. 434 61.20
1 3.90 % 1.95 & 9.75
289.12 355.67

Ordinates 9.5 ft. apart
355.67 — 249.85 = 105.82
Distance center of gravity aft of the middle ordinate ==

105.82 X 9.5

0.1z - o4

A = sum of functions of ordinates
B = sum of products of moments forward of the middle ordinate
sum of products of moments aft of the middle ordinate
subtract the smaller sum of products of moments from the larger
and let the difference be D.
4 Then the distance of the center of gravity from the middle ordinate

DX distance the ordinates are apart

A

and whether the distance is forward or aft depends on whether B
or C is the largest,

Q
I
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PROPERTIES OF VARIOUS SECTIONS
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PROPERTIES OF VARIOUS SECTIONS

PropERTIES OF VARIOUS SECTIONS—Continued
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ProPERTIES OF VARIOUS SEcTIONs—Continued

. Ao of Soct istanos from Neutra
Sections L oof H

A xand x1
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PROPERTIES OF VARIOUS SEcTIONS—Continued

Moment of Inerti Seetwn:lodnlm RwdideyTnﬁm
I ey = x
bd bdt d
bd® bdt d )
5 3 —\7-_3=.577d

bd® — bud - be® — bjdd [ :
13 : o Y 2oa-ba) ]
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PropPERTIES OF VARIOUS SECTIONS—Continued

Area of Section|  Pigtance from Neutral
o Extremities

A

' Bections

xand xy

bd n___dooac-;-buinc
=4

bd 3
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n=3

bd

3 n=d

| 22— 7ssa x;-%
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PropPERTIES or VARioUs SmcrioNs—Continued

Moment of Inertia
I

Beotion Modulus
8=

¥

Radius of Gyration
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PROPERTIES OF VARIOUS SEctioNs—Continued

. i | PR R
Sections A of Bection
xand x1
r
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(3w 4)d=.288d
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PrOPERTIES OF VARIoUs SEcTioNs—Continued
» of Incets SectimMolndulu R.tdlund’GyILaﬁon
UL e -/
= (d¢ — dt) * (4 —d¥) (d¢ — det) VéFar
e M@ -d) g =0 ry
Ont — 9n2 — 64 _ Ao — 64
11523 . ¢ = 0073 mar—9" &* = 024 ——u.—.d=.133d
bt bbb bt b + 4bbx 4 b’ @ d 200 ™
O+ 12 +2b) 6(b+b1)
A [ (1 + 2 cost 30°) d (1 + 2 cos? 30°) d 1+ 2 coe? 30°
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ProPERTIES OF VARIOUS SEcTIONs—Continued

Area of Secti DumﬁmNeuw
Sections A of Becti
xand x
’—dmn.ao'= 866ds xn=-—d—= 877d
2 \ : 2 008 30°
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PROPERTIES OF Vartous SecrioNns—Continued

Moment of Inerts Beotion um..l m.aomT-
I s=;‘- t=‘/-A-

A [ 01+ 2 oon 307) [d(l+2w-'30')] d TT 2o 30°
4 oos? 30° 4 oos 30° 4008 30° Y. 3
=06 =104 = .26

A [ (1 + 3000t 22§%) d (1 +.2 0ont 2249 4 ‘/l-_+2ooo'm°
4 cos* 224° 4«-22}‘ 4 008 224° 3
= .055d¢ = .267d

e wbdt p d
T = -otoha = -0vebae <
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PROPERTIES OF VARIOUS SECcTIONS—Continued

. Distance from Neutral
Area of Secti ; ou
Sections o Axia to Extremities
A i
x and x1 ;
1
td+ 2’ o + 0 n=4
|
td 426 (0 + 19 n=2>
4 Y
_1 o i
7‘ I
i
_a |
n=3

-f—- 1 td+ b’ (8 +n)
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PROPERTIES OF VARIOUS SEcTIONS—Conlinued
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M ¢ of . Second Modulus Radius of Gfﬁon
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WEIGHTS AND MEASURES

. Distance from Neutral
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ProPERTIES OF VARIOUS SrcrioNns—Conlinued

Moment of Inerti Becﬁullo:ulul Musofdyr%ﬁou
I 8=+ '=VT
1 g I =a1/L
?[w+w+—,-<b'—«)] — r=4/x
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ProPERTIES OF VaRIOUS SECTIONs—Conlinued

Secti Area of Section D‘;x';ng 'ﬁx"mmﬂft'.:?'
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PROPERTIES oF VARIOUS SECTIONS—Continued

M ¢ of Inerti Section Mlodulus R&diutofGyr:It:ion
I 8-;; f-‘/x'

bt — b (b—t) bd — b (b—t) bd* — b3 (b — t)
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&
PrOPERTIES -OF VARIOUS SECTIONS—Continued
. Distance from Neutral
Area of Section : i
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ProPERTIES OF VARIOUS SECTIONS—Continued

Motient of Inerti Section M:dulua Radius of Gy'nTtion
I S-'x—, l""/x
txd 4 bx? — (b — t) (x — 6)? 1 /tn'+bx‘—(b—t)(l—l)'
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SECTION II

STRENGTH OF MATERIALS

Stress is the general term denoting the force or resistance which
acts between bodies or parts of a body when under the influence .
of a load. It is measured either in tons or lb. per square inch of
sectional area. :

Strain is the change in form produced by stress.

Tension.—A body is said to be under tension when the action
of a force tends to extend it in the direction of its length. Tensile
strength is the resistance per unit of surface which the molecular
fibers oppose to separation.

Compiesslon.—A body is said to be under compression when
the action of a force tends to compress it in the direction of its
length.

Shearing Strain.—A body is said to be subjected to a shearing
strain in any cross section when the distorting force acts in the
plane of that cross section.

Elasticity is the power to resist permanent deformation. The
elastic limit is the limit of stress that can be withstood without
permanent elongation. The continued application of a stress in
excess of the original elastic limit will eventually cause fracture
owing to fatigue of the material.

The modulus or coefficient of elasticity is the ratio between the
stresses and corresponding strains for a given material. If I be the
strain or increase per unit length of a material subjected to tensile
stress, and p the unit stress producing the elongation, the modulus

of elasticity E is equal to Jll
Modulus of rupture is the strain at which the molecular fibers

cease to hold together.
70
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Ultimate Strength.—The load producing rupture gives the
strength of a material, and it is usual to denote the strength by

the expression

breaking load
cross section

section is taken before it has been decreased by the stress.

STRENGTH OF MATERIALS*
(Stresses per Square Inch)

In this expression the original cross

Stresses in Thousands of Pounds
Modulus -
Metals and Alloys Ten- Flastio Com- | Bend- | Shear- |of tl"‘lu':ltl;ie,- a?iyon
gion pression ity, Lb.
Ui | Limt | "Vl | UM- | UM ?
mate mate mate mate
Aluminu.m—— *
.................. 15 6.5 12 12
bars, sheets. . 24-28 | 12-14 ene ceee
Mwn-e annesled. . 20-35 14
5%co7,407.| | 5 | 120
10%al......oovenne. 86-100 60 e
Brass—
8.2 23.2 eee
8.6 26.9 e
6 30 20 36
16 s ceee
19 42 43.7
20 53 34.5
22 114 32
10 52
manganese,
10% tin, 2%, mnng. .. 60 30 125 | ool | eeee | eeieiees |aeenn
manganese,
109 tin, 2% mang...| 100 [ 2 RO R I T P
ot —
9% tin, 1% phos..... 50 24 | b e
9% tin, 1% phos... 100 | oo | eeee ] oeeee | veee | eeeiiens foeeann
cast—
38% lmc. 1}4% tin, o
tobin, £} led—- .......................
38%, sinc, 144% tin,
......... 80 40
.................. 21 6 40 22 30
plates. rods, bolts. ..... 32-35 10 32 ceie
wire annealed 36 10
D 55 000, "
copper
gl::s 38—40‘72 sinc 68
2~ 49%,iron 85
wire 1- 2% tin 100

* Carnegie Steel Co. Handbook
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STRENGTH OF MATERIALS—Continued

(Stresses per Square Inch)

Stresses in Thousands of Pounds
. : Modulus |Elong-
Metals and Alloys Ten- Flasti Com- | Bend- | Shear- oftEl?go- ation,
sion ic | pression | in i ity,
Ulti- | Limit | Ul | Ul | Ot ?
mate mate mate mate
20 4 8,000,000 ]......
30 R OO IR P [ P
15-18 (] 80 30
18-24 25-33
27-35 | 15-20 46 30
1.8
2.2-2.5
3.3
Platinum wire—
unannealed............| 83
annealed.............. 32
Smr,mt .............. 40
ship.........ocovunl 5868 |14 tens. | tensile | tensile | 3 tens. | 29,000,000 225291-
boiler— . )
fire box............. 5565 |14 tens. | tensile | tensile | 3 tens. | 29,000,000 2;53-
tensile | tensile | 3¢ tens. | 29,000,000 2284.%
! .
tensile | tensile | 34 tens. | 29,000,000 2.3
tensile | tensile | 3 tens. | 29,000,000 g.ﬁ-
tensile | tensile '/wm. 29,000,000 | 22.
tensile | tensile | 34 tens. | 29,000,000 | 18.
tensile | tensile | 3£ tens. | 29,000,000 | 15.
tensile | tensile | 3{ tens. | 29,000,000 2;64—
- concrete bars cold twisted 55 tensile | tensile | 3£ tens. | 29,000,000 5.
nickel, 3.25% nickel,
ah;pes,plaees.bus. 85-100 50 tensile | tensile | 3/ tens. | 29,000,000 | 17.6-
opnnu,unwmpend.... 65-110 | 40-70 ’
wire unannealed. . o120 60
wire annealed 80 40
Tin, cast........c.vune. 3.54.6/1.5-1.8 [ 4
Wrought Iron— .
shapes................ 48 26 tensile | tensile gtena 28,000,000 |......
T, 50 27 tensile | tensile | § tens. |28,000,000]......
wire
unannealed 80 15,000,000 |......
. annealed.......... 60 27 25,000,0001. .....
Zine—
.................. 4-6 4 18 7 13,000,000 |......
rolled sheets........... 7-16 chee PP N IR Fe
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STRENGTH OF MATERIALS—Continued
(Stresses in Pounds per Square Inch)

Ultimate Average Stresses Safe Working Stresses
Building Materials Modulus
Com- | Ten- | Bend- of Com- | Bear- | Shear-
pression | sion ing | Elasticity | pression| ing ing
12,000 | 1,200 2,500 | 7,000,000| 1,200 1,200 200
12,000 | 1,200 1,600 | 7,000,000 1,200 1,200 200
8,000 800 1,500 | 7,000,000 800 800 150
5,000 150 1,200 | 3,000,000 500 500 150
10,000 | 3,000 5,000 | 14,000,000 | 1,000 1,000 175
, good....... 10,000 200 600 | ........ veee .
pressed and paving 6,000 FEETU R I .
Masonry— :

420 600

350 500

280 400

140 250

280 500

. 168 300

3,000 | 3,000
70 e

Rllmmn CoNcrere—Sare WORKING STRESSES
Elastic Modulus—

20000001fulumuwoomptumnmuptozwo

2,500,000 if ultimate compression is over 2,200.

3 OOO(X)I)lfulumwoompmonmovu ,900.

1, 2%, 5, means 1 part|
cement, 2)4 sand, 5 22.6% of ult.umw ion on piers or coll of
stone lengths not exceeding 12 ins

82.5% of ultimate eompnmon on surfaces of at least
twwe the

27 o% ultimate compression, horizontal bars.
‘; for reinforcement with bent up bars.
‘f for thoroughly reinforced webs.

4'7 of ultimate compression for plain bars.
2‘7"07 for drawn wire.

Working Stress: Factor of Safety.—The stress allowed under
working conditions is only a fraction of the ultimate strength and
is called the working stress. The factor of safety is that number
which is divided into the ultimate strength to arrive at the working
ultimate strength
Tactor of safety ° The factor of
safety depends to a great extent on the nature of the forces acting
and o the material.

stress. Thus working stress =
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BEAMS 75

FACTORS OF SAFETY

Load Varying|Load Varying| Suddenly
from Zero to | from Zero to Varying
Material Stead, Maximum Maximum Loads
in One in Both and
Direction Directions Shocks
Castiron............ 6 10 15 20
Wrought iron........ 4 6 8 12
Steel . . .oounnnninn. 5 6 8 12
Wood............... 8 10 15 20
Brick............... 15 20 25 30
Stone............... 15 20 25 30

Hemp rope for running rigging factor of safety 8-9
Steel rope for running rigging factor of safety 6-7
Steel rope for standing rigging factor of safety 5-6

BEeams

The strength of a beam depends on the form of its cross section,
how the load is distributed and on the way the beam is supported.
In the majority of cases in ship construction beams are fixed at
both ends, although some fixed at one end occur in fittings as bitts,
davits, etc.

T |

R, Rz

Figure 11

When a beam is loaded there is always -compression in the top-
most fibers and tension in the bottom. There is a position in the
cross section at which the fibers are neither in compression nor
tension, and this position is the neutral axis of the section. Thus
the neutral axis passes through the center of gravity of every cross
section and is at right angles to the direction in which the load acts.
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7 . STRENGTH OF MATERIALS

The algebraic sum of the moments of the external forces about
any point in a beam is the bending moment at that point; that is,
the bending moment at any point is the moment about that point
of either reaction minus the sum of the moments of the intermediate
loads about the same point. The bending moments at several points
on the beam shown in Fig. 11 are: at W, = Ria, at W3 = R, (a + b)
—Wibat Ws =R (a+b+c) —[Wac+ Wi (b+c)l. Various
methods of loading are shown under Bending Moments of Beams.

Fibers which are at equal distances from the neutral axis will
be deformed to the same extent. The resistance to bending is the
combination of the resistances to tension and compression. Thus
let '

M = bending moment
y = distance from the outermost fiber to the neutral axis
I = moment of inertia of the section
p = safe or allowable unit fiber stress in pounds per square
inch :
Then -il = ]—‘—I{orp = A-—g—yorM = pTI

and -5 the section modulus = s. The moment of resistance M, of

a beam is the sum of the moments about the neutral axis of all the
stresses in the fibers composing the section. Hence M, = 8 p; that
is, the safe resisting moment is equal to the safe fiber stress multi-
plied by the resistance.

' [~
k——— 5
Fo 4 (]

| ma B o B A

——

/

3
e
Figure 12

The reactions or supporting forces of a beam must equal the
load on it. If the load on a beam is uniformly distributed, applied
at the center of the span or symmetrically placed and of equal
amount on each side of the center, the reactions R, and R, will each
be equal to one half the load. When the load is not symmetrically -
placed, the reactions are found by the principle of moments.
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Suppose a beam as in Fig. 12 is supporting loads W, W; and W,
1 the span or distance between the reactions R, and R, a, b, and ¢
the distances from the reaction R, to the loads W, W: and W,.

Then the right-hand reaction R, = 71X D+ WaX B+ WX o).

Hence to find the reaction at either support, multiply each load by -
its distance from the other support, and divide the sum of these
products by the distance between supports. Since the sum of the
reactions must equal the sum of the loads, if one reaction is found
the other can be obtained by subtracting the known one from the
sum of the loads.

The loads and reactions, besides causing bending or, flexure,
create shearing stresses in the beam by their opposing tendency;
that is, as the reactions act upward, and the loads downward,
the effect is to shear the fibers of the beam vertically. At any
section, the shear is equal to either reaction minus the sum of the
loads between that reaction and the section considered. The
maximum shear is always equal to the greatest reaction. For a
single beam with a uniformly distributed load, the maximum shear
is at the supports, and is equal to one half the load or the reac-
tion; the shear changes at every point of the loaded length, the min-
imum shear being zero at the center of the span. The maximum
shear in a simple beam having a single load (omitting weight of
beam) concentrated at the center is equal to one half the load,
and is uniform throughout the beam. When a beam supports sev-
eral concentrated loads, changes in the amount of shear occur only
at the points where the loads are applied.

Ezxamples. What is the greatest safe load that can be lifted by a boat davit
having an outreach of 5 ft. and a diameter of 7 ins. The davit is of wrought iron.

This is a case of a beamy with one end fixed and with the load at the other, hence
the bending moment is M = W X L, where L is the outreach of the davit or 5 ft.

pX 1T
v

From the beam formula M =
P = gafe load for wrought iron = 5 tons

L = 5ft. X 12 ins. = 60 ins.
5 = gection modulus = S *
d = diameter = 7 ins.
WXL=pXi
5 tons X i
Hence W = ‘L’_;f_§ = —f‘a—ﬁ- = 214 tons. Bee also formula for

Boat Davit.
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Find the safe resisting mpment of a Northern yellow-pine beam 10 ins. wide by
12 ins. deep, using a factor of safety of 4.
Here M1 = S p.

The section modulus S (see table) is b—g-’ or w - 240

The modulus of rupture for Northern yellow pine is 6,000 1b.

The desired factor of safety being 4, the safe unit stress p = 9—?—9 = 1,500 Ib.

Substituting these values in the formula, safe resisting moment My = 8 p, we
have 1,500 X 240 = 360,000 as the safe resisting moment of the beam section in
inch pounds.

[Above paragraph contains abstracts from Building Trade Handbook, Int. School
of Correspondence.]

Beams UnbpER VArious Loaping CoONDITIONS
[From Pocket Companion, Carnegie Steel Co.]

Bending Moments and Deflections
Notation in Formulae

= area of section in square inches
distance from center line of gravity to extreme fiber in inches
= moment of inertia about center line of gravity in inches*

~e
il

section modulus = % in inches?

@
Il

radius of gyration = ‘/ LA in inches

bending stress in extreme fiber in pounds per square inch
= modulus of elasticity in pounds per square inch

length of section in inches

= depth of section in inches

= breadth of section in inches

= thickness of section in inches

W, W, W2 = superimposed Joads supported by beam in pounds
w = superimposed loads in pounds per unit length or area

~o-a.~@’~s -
|

v

W max. = maximum safe load at point given in pounds
R, 'R, = reactions at points of support in pounds
M, M,, M; = bending moments at points given in inch pounds

M max. = maximum bending moment in inch pounds
D, D, = deflections at points given in inches
D max. = maximum deflection at point given in inches
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1. Cantilever Beam.—Concentrated load at free end.

R: (max. shear) - W
I.M
] M, distance z = Wz
M max. at By = Wi
W max. = !{-
B
D max. “3E1
2. Cantilever Beam.—Uniformly distributed load.
R:1 (max. shear) - W
Moo
|'L M, distance z . - %