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FOREWORD

This standard has been prepared to achieve uniformity of
computations in Idaho. It should be used by all personnel
providing technical assistance in Soil Conservation Service
programs. :

The reference was developed by adepting materials from West
Technical Service Center and private industry. Displaying
and using a strong professional attitude in our technical
assistance program is an essential key to Service operatiomns.
Quality of planning and application is dependent on logical,
neat and orderly computations.
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COMPUTATION STANDARDS

A. INTRODUCTION

In engineering practice there is one reason and only one reason for
making computations—-utility. They are made for use in reaching a
specific goal. There are no truly unimportant calculations in any
practical situation, since each '"minor" result is a link in the
series that leads from the given data to the final answer.

To be useful, calculations must be accurate and as precise as the
data specify. Thus every effort must be made to prevent errors and

to discover and correct those that do occur.

Checking must be done before the work is submitted for action.

Accuracy in simple arithmetic is the most important of the required
skills. Mistakes in additionm, subtraction, division, and multiplica-
tion are the causes of far greater losses of time, effort, materials,
and money than mistakes in theory or judgement.

A technician should form the habit of checking and rechecking all his
figuring as he goes along. He should also ask himself, is the answer
reasonable? '

B. THE PRINCIPAL ELEMENTS INVOLVED IN THE PREPARATION OF CALCULATIONS

There are four things that should be considered if one is to prepare
clear, concise, professional-type calculation sheets. Such records
should be easy to follow, easy to check, and easy to use.

1. Record the analysis and solution of the problem breaking it
into a series of simple and logical steps; avoid the use of
unfamiliar short cuts. Be sure that the chain of reasoning
from data through to the final result is complete and easy to
follow.

2. Use the mechanical arrangement and sheet rulings specified in
this pamphlet.

3. Consider the quality and neatness of the work. It should be
of high quality but not fussy.

4. Symbol codes, standards, and abbreviations should be those
generally accepted. The codes in this paper are of the USAI
(United States of America Standards Institute), formerly
American Standards Institute. See Appendix I.

Note: Use the same abbreviations for both singular and plural.

No peribds used except where specifically shown as in.
for inch. : ’




Avoid the indiscriminate use of initial letters. Spell the words
in full unless a recognized abbreviation is found.

PROBLEM ANALYSIS OF A PRACTICE

This simply is a method of thinking a problem through and writing
down step by step how you propose to solve it. This series of
steps numbered in sequence is the problem analysis. On the com-
putation sheet it should follow the statement of the problem and
the sketch you may have drawn.

Please underscore this - Don't make an English theme of the Problem

Analysis.

Each step of the problem analysis can usually be stated in one
sentence, Tf much longer, the problem may not have been broken
down sufficiently. Again, the statements in the problem analysis
should be brief, concise, and complete in their meaning.

Use narrative to relate specific computations to the total design.
The use of a few sentences scattered through the computations often
facilitates the review of the problem solution.

Explain or justify the method chosen for solution. Alternates that

“have been examined and eliminated should be described briefly and

concisely.
FORMAT OF THE COMPUTATION SHEETS

Use Computation Sheet SCS-522, Rev. 5-58, 4 squares to the inch, or
8CS-523, Rev. 5-58, 5 squares to the inch, (Exhibits 1 and 2).

1. Use the identification block at the top of the sheet to
identify’ the job, its location and who worked on it. The
"Checked By" block may be the same as the designer or that

. of another checker. The "Job No." block may be used to indi-
cate the SCD the job is located in.

2. Divide the sheet into two columns. The left.one should be a
minimum of one inch wide. Use it for calculations, documen-
tation, listing references, etc. Calculator tapes may be
stapled to this margin. o

3. Reserve the wide, fight—hand column for diagrams, analysis, and
solution of the problem. All secondary figuring belongs in the
lefthand column.

4. Do not use scratch paper. Leave a plain trail for a reviewer
to follow.
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5. Draw a horizontal line from edge to edge of the page to separate
each step in a series from the one to follow. Omit the line if
nothing follows on that page.

6. Use standard engineering lettering. Do not scribble or use
script.

7. Never mark one figure over another. It leaves doubt in user's
mind and is a careless habit.

8. Use a ruler or triamgle for all rulings, diagrams or other
straight lines,

9. Be careful with spelling and use of English.

10. Avoid crowding. Use more paper if necessary.

MATHEMATICAL

1. Always show the proper location of the decimal point and be sure
it is distinct. Decimal point errors are common but are inexcusable.

2. Place a zero in front of the decimal point for all numbers -less
than 1. This helps to prevent errors.

3. Point off large numbers in blocks of three digits both ways from
the decimal point., Thus 94,500. and 0.006,56.

4. Use parentheses or brackets to indicate multiplication. Do not
use the center dot, as it becomes confused with the decimal point
in hand work. Do not use the letter x since it is confusing in
many situations and it takes no more effort to use parentheses.

5. Indicate division with a horizontal bar fraction. Do not use
the symbol + or the inclined bar. The first is largely obsolete;
the second is a prolific source of mistakes.

6. Show proportions in fractional form with the unknown in the first
numerator.

‘A problem illustrating the format and problem analysis is included.

UNITS

The units in which numerical values are measured have as much bear-
ing on the usefulness of the answers as do the numbers. The answer
is no better than the units that describe it. Write the unit with
every quantity used.




G.

- 100 centimeters

CALCULATION AND CONVERSION OF UNITS

First and most important, write the units with every quantity used
and write every conversion constant needed in its proper units.
Conversion constants are usually given in a form such as

1000 meters _ » 12 inches _ 27 cu ft

1 kilometer 1 1 foot 1, or 1 cu yd =1

These constants are read as '"'1000 meters per kilometer," "twelve
inches per foot'" and "twenty-seven cubic feet per cubic yard."

The word per in this sense always means there are units in both num—-
erator and denominator and it is the equivalent of a division sign.

‘Since the quantity is a ratio that equals 1, it may be used as a

multiplier or divisor without altering the value of another quality.
Engineering conversion factors by American Institute of Steel Con-
struction, are shown in Appendix II. Appendix III gives conversion
tables for Metric and U.S. Weights and Measures. Exhibit 3-1, page
3~-71, Engineering Field Manual, provides conversion factors for
hydraulics.

Example 1

Convert 1.63 km into feet. To do this four conversion factors are
needed, as follows:

1000 meters _ 1 ‘Read

= s "1000 ters per kilometer."
1 kilometer & mete P rromete

1 Read as "100 centimeter per meter."
1 meter ,
12 inches _ Read as "12 inches per foot."
1 foot

2.54 centimeters

=1 Read as "2.54 centimeters per inch."
1 inch

Start with the 1.63 kilometers and set the work up as a product of
successive fractions, using the conversion ratios so that the un-
wanted units cancel out, ultimately leaving only feet.

1.63 km = 1.63 km (1000 nl) (100 cm) ( 1 in. ) ( 1 ft )
1 km 1m 2.54 cm 12 in.
_ (1.63)(100000)ft
1.6 = S
3 km (2.54) (12)
1.63 km = 5350 ft




Remember, units may be cancelled when multiplying or dividing the
same as numbers. In addition or subtraction, however, the units
must be the same.

Example 2

“Convert a flow of 1 cfs (cubic feet per second) per day into a volume
of acre feet.

To do this two conversion factors are needed, as follows:

86,400 sec

day =1
43,560 cu ft _ 1
ac ft
1l cu ft
sec _ (1 cu ft) (day) (86,400 sec) ac ft )
day sec 1/ day 43,560 cu ft
- 86,400 ac ft
43,560
= 1.983 ac ft Usually called 2 ac ft

MATERIAL IN THESE STANDARDS IS FROM THE BOOK "ENGINEERING PROBLEMS
MANUAL," BY FOREST C. DANA, C. E., AND LAWRENCE R. HILLYARD, M.S.,
BY PERMISSION OF McGRAW-HILL BOOK COMPANY PUBLISHERS.

Rules for Rounding off Numerical Values

The following instructions, including the numbering of the

rules, are taken from USA Standard Institute Code No. Z25.1-1940,
"Rules for Rounding Off Numerical Values." They should be fol-
lowed whenever it is necessary to round off values that have
more figures than can be used in the final answers.

In setting up rules for rounding off decimals there are three general
cases that should be considered. They may be stated as follows:

Case 1 - When the figure next beyond the last figure or place to be
retained is less than 5, the figure in the last place retain-
ed should be kept unchanged.

Example: )
1.2342 1.234 1.23 1.2
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Case 2 - When the figure next beyond the last figure or place to be

Case 3 - When the figure next beyond the last figure or place to be

The
The
(a)
(b)

The
(a)
(b)

(c)

retained is more than 5, the figure in the last place retain-
ed should be increased by 1.

Example:
1.6789 1.679 1.68 1.7

retained is 5 and-

(a) there are no figures, or only zeros, beyond this 5, if
the figure in the last place to be retained is odd, it
ghould be increased by 1; if even, it should be kept
unchanged;

Example:
1.35 1
1.3500 1.
1.45 1
1.4500 1

(b) if the 5 next beyond the figure in the last place to
be retained is followed by any figures other than =zero,
the figure in the last place retained should be increased
by 1, whether odd or even.

Example:
1.3501 1.4
1.3599 1.4
1.4501 1.5
1.4599 1.5

above rules for rounding off decimals may be restated as follows: §
figure in the last place to be retained should be kept unchanged
when the figure in the next place is less than 5,

when the figure in the next place is 5 followed by no other fig-

ures or only by zeros, and the figure in the last place retained
is even.

figure in the last place to be retained should be increased by 1
when the figure in the next place is more than 5,
when the figure in the next place is 5, followed by no other fig-

ures or only by zeros, and the figure in the last place retained
is odd,

when the figure in the next place is 5, followed by any figure
or figures otheér than zero. 1y
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The final rounded value should be obtained from the most precise
value available and not from a series of successive roundings. For
example, 0.5499 should be rounded off successively to 0.550, 0.55,
and 0.5 (not 0.6), since the most precise value available is less
than 0.55. Similarly, 0.5501 should be rounded off as 0.550, 0.55, ¢
and 0.6, since the most precise value available is more than 0.55. ?“'

I. OTHER ITEMS : Lo

Formula Worshipping is a time-wasting and at times dangerous method
of solving problems. The formula worshippers make a fettish of
formulas, especially in fields where they are inexperienced and,
consequently, not sure of themselves. As a result they spend much
time in hunting a magic formula that will give a result without the
labor of thinking. They hope it is correct but cannot know. If
they would break the problem down into a series of simple, familiar
steps, each one easy to understand and solve, they would save time
and make fewer blunders. Results obtained by formulas are results
obtained by secondhand thinking unless the formula is clearly under-
stood and its derivation known. At best formulas are a symbolic
shorthand.

Errors and Mistakes - Errors are defined as the difference between
the true value and the one measured or computed. The error is posi-
tive or negative depending on whether the computed value is larger
or smaller than the true value. The magnitude and sign of the

error are determined from this equation:

the measured
Error = or - (the true value)
computed value

Thus, if a line is computed as being 173.5 feet long and the true
value is 173.7 feet, the error is 173.5 - 173.7 = ~0.2 foot or
0.2 foot too short.

Mistakes are costly, about 90 percent of all mistakes are due to
careless arithmetic. They are the source of constant delay and
expense. Nearly all the mistakes that bedevil Service operation
are due to carelessness in calculations, not to troubles in theory
or higher mathematics. Wrong answers due to errors in arithmetic
cannot be brushed aside lightly with an offhand remark about mis- {
placed decimal points or mistakes in arithmetic., Accuracy is a
mark of competence.

Source of Errors

1. Unvoiced feeling that this phase of the work is relatively un-
important.




Sometimes momentary lapse of attention. A bit of mind wandering
while the pencil moves mechanically.

Transposing of digits when copying values from scratch paper,
which is one of the reasons for forbidding its use. This is a
time comsuming blunder, because an internal transposition of
digits is one of the most difficult mistakes to detect.




The Illustrative Problem

Karl Brown, a cooperator, came to the district office for assistance
in planning an irrigation system for a 16 acre alfalfa field he is
seeding.

Brown has a well that has been tested at 250 gpm. He also has a good
reservoir site that can be developed by constructing a low earth dam
across a narrow draw. The reservoir is located about 30 feet above the
well. Brown doesn't have a pump in the well at the présent time, He
would use electric power for the pump. He will also need a canal from
the reservoir to the alfalfa field.

If it is at all possible, Brown would like a reservoir that will serve
as an irrigation storage reservoir and also provide him a place to raise
some fish.

You are assigned to work with Mr. Brown on this project - you make an
appointment with him to come out and look the project site over.

You review Mr. Brown's conservation plan and from the soils map and the
irrigation guide come to the conclusion, based on the peak consumptive
use requirements of alfalfa, that a 5-inch application of water every
18 days would be feasible for Mr. Brown's field.

A study of the reservoir site shows that a 10-12 ft dam will create a
9 acre~-foot reservoir.

While you were out on the farm, Brown told you he had learned from the
power company that electric power for a pump would be easy to bring to
the well.

The alfalfa field will be irrigated with gravity flow from the reservoir.
He will use the border method and irrigate 12 hours per day.

A study of the irrigation guide and chapter 4, NEH 15 indicates that a
1.67 cfs stream will be required for the proposed method of operation.




COMPUTATION SHEE
SCS-523 REV 5-58

T U. S. DEPARTMENT OF AGRICULTURE

. SOIL CONSERVATION SERVICE

GPO : 1958 0—470867

STATE Ic/a/m

BY \/\/Lﬁ

& .
FRoJECT k:r/ Brown Trrigation Sysierm
Jos~e, -

DATE CHECKED BY DATE .
Val ey Sch

4-r3r75

SUBJECT
Eas

/e Data Feor System or__ 4

SHEET /

After yoor Frip 7o Fhe [Srociy Farrm Py
SUmm arize From yoour f£ield riefes
/Drob/em ;‘/ /o)—oé/em Q{?7L§.

o J

#hre

Problers:

Mr [Srown would [ike 7o Amev:

The size of Fhe electric rrot-ar For Fhe pump
774e s7r Iye /n gere-feel of Fhe reservoir i fornish
irrigalion cualer fer 3 5 inch applicalion every (S
G‘J/s. (73 5-7/'1'875 Fre ,Oc:rA' /'r‘r/'yzf'/'on use For Fhe J/ﬁ/FgD

Tfée /7(//7/:56)* b}[— (/7/.1‘ beju:'r‘ao' S /'r‘r/';:ﬂ"e 7‘Ae /8
Jcres by the border rmetbad

The size of camzl Fo deliver water Frem #he
reserroir 7o Fhe wlfz/ta Aield.

Fmé/em dafa

a N W o~

N 0N o

Freld 7o be /'rr.“j:?"ec// /€ acres of 2lfzlts.

Irm‘J:ﬁ".'on waler 1o be :f/z;/z'co/ /2 hrs. perday.

C’dp:ﬂ:i?f/ of Fhe well — 250 g P77

_/:’/ec?‘m'c Foer For pPurrp r7etor |
Wa?’ér /eye/ 17 We//.30 £r /7e/adl ./or-/aose,_.d

reservorr Sourface.

A fsor inch dia. steel pomp discharge line will he vsed
Pomp will be opersted /o firs. per day.
Well /s located 380 £F From reservoin

C:zr?a/ 7o de/r‘Ver_Wa?”er from reservarr 5 8&0
7(7£ /Oﬂj w;?‘ﬁ 7 687‘"/./7717#&0’ 8/6/79 o?(- 0. 0o 2 f?,"/oerﬁ
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COVMPUTATION SHEET

SCS-823 REV 8-58

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

/, GPO : 1358 0—470867
STATE
[ Jaho

BYME

DATE

PROJECTK;r/ [Srowirs Irr:'ﬂ?ﬁ"’” S/vsf’ém

SUBJECT

CHECKED 8Y DATE

4 Mar75

Valley SCD
Design Cormputztions

SHEET & OF____4‘______

/. DeTermine acre-fFF reguired fFor S-rnch
;‘rw‘a:fion of /6 Jcregd. :

4
(_5_)__#_ Ja0 = B w2 G641 I H
AL

T he resem/mr- site cw// s?“ore G ge—F+
with @ JoFt dam. Ths wou/ rovide

g minimem of 2Yg 3c—F7t %f Fish.

Borrow exczvalioh For the F/l wrl
provide extra depth For Freh.

EFM, Ex. 3~ / oFs

2. Determine rumber o}' /72 /,-r-—d:/:s reyuired

+o irr/;z?"e 74he /€ dcres us/'ng Fhe
/&7 ¢S S7Tresrn Size.

= /983 IZC- F/- pPer 2¢ hr day
Cuse 2 ac f%/ast'/;m)

| cfs for 12 hrs = /) Ic~FF

No. IR hr—d = 687 3cFt 4 days
i 4—6155?: e

1‘)('

EFM, Ex3-]

D efermine Frme rFeguired 7“o /oum/a
.67 gc-£ft gt Fthe rate
per /o hr day.

/ c{'s= 418.8 gpm (vse 450 3pm)

WM( / C-F53 =5 cfs =0.5¢ < Fs

o B50 gpmm

0.5¢ cfs ,oer- Pt hr = ) /B Ic~FF

gc-Fr per /o ﬁra/.:_/ :/-/Elc-ff(_é% =047 gt

£&7 acfr . J4 days
c.47dc FfF_ v

T JdIy 11




COMPUTATION SHEET

SCS-523 REVY 5-58

U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
STATE T 3/;0 PRCJECT/( ar/ Lrewr Irm};:ﬁ'an Sys7err
B8Y DATE CHECKED BY DATE p T

Wi R ERmar7s Vedey SCP
SUBJECT . .
De.S/:)‘ﬂ CO/?ZPU%&'?‘? oS SHEET.B OF 4"‘

Time regorred 7o ini':'L/'a'/‘// 7‘7// reservoiyr —
P72 7 ac-F7

9 N (7% days) = |7 day
(gg7>( /> —:_.-—"‘__;_JJ/S

NEH-, #32 F
EFM, Exh 3-5

NEH-/b_, Cth_B
P- 8-~&0o

Called [Borp
PUrp Ce For
€$7Ifr'm'¢7"Eo’ PR
e ffic. of 70%

‘4'.. De?Ler‘m/'f?e size of e/e;?"r,'c /1 efor reguired
Q= RS0 gpm, sTafic hezd= 36F}
3806 FF o F 4" diam sTee/ Pipe.

Total /°°”7/'f7‘7 hewd = stafic /9870/_-# bezd
Joss 7 pipe due ts friction,

use /tmannrngs 7 = o, 0/2

/;'l-c,f,.on S/o/)e }:. 0.075 fffe,,,rf

7:)’:'07"1‘0»4 /oss ;-:_ 380(0.075)-‘:28,5 7:7"

Toral hexd /oss= 30+28.5= 58.5 F+

Nete: 28.5 Fr rs high For

fowever
4_"} P’.Pe'

PiPe Frictrom —
Mr. Brawn apecrﬁc:’/), wishes 7o use

Feg b /7,0 o F mofor = _C3 prm) G/Tsfzfdynzmic hezd
37960 (Pump effic)) (drive effie

/\/07"6: E/ec]‘h'c- mo7‘0?‘5 gre r‘zf'ec/ a?" 0v7L/3u7"
hf T# i3 net necessvry 7o use mMmater
e ffrics/ency in o’e)"erminfnj Mmefor S/ze.

H ssupme PYmmp el he directly ch/a/ec/

o profor, Ss drive effiveny =/00"%

b hp=_P250(58.5) __
3760 (0.79)

Use 5 HP NMoter

5, 28

12




w. o, DEFARTMENT OF AGRICULTURE

— wanes IZ Y D58 SQIL COMNSERVATION SERVICE
STAYE T /7 o PROVEST ar] Browr Trrigation Syslerr
3Y WL f? DiT% 2 75_ CHECKED BY DATE YJCB NO. ~

SUBIEET D‘ES’(“}’? VCO mPUf_gﬁa A sueer_4- or 4~

5; Desfjf? ez,_f-,[, Q‘.‘.’}’)z/ 7Lo Convey w zter 7"0 7‘76/0/

q=/,67 cfs | }

NEH-R, 320 Sse Mimmings = 0. 0RE  for velocrty
C-Ompu'/'zf/on. "
S= 0,002 Ft perft.

Soi/s M Z = ’/72 7"‘0/ (Szncly C/:zy)

EXA /S“I;EF/V Use 7"1:,': chart 7o Size dirtch “/’7"1':
Set up Far 11 valves of o.02 §o.04 s 1
F2lle vzlves o F vV il reed Fe be
adjvared.
Use L= /F+ (/ess Fhan Ffhis i3 no7t/3rzc7L/'c=’/>
/:l'nd-'

n=e.03 d=LOFt K V=/47 Fisec Q= 3.7 c¥s
n=o ot d= /0 FF y=//0 » Q= 28 cfs

check V for n=o0.025 Ly vsing rFafie of
"R valves

For n= o025, V= 1 %7/0 039: I. 76 Fr/sec
6.02

EFM, Tahle 9-2 Safe veloeily = R0 Ft/sec

D»‘?"cl; }7:5 837(; vela c»'ty.
Pitch rs ac‘}‘Ua//): over.sp'zeo‘),éawe\rer P
be :zdeju.z?l‘e Odif/-; zjeina Ch"—'-0.0@

Jse:

b= Ff
2= I/a
d+F= )& FF

[
s
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U. S. DEPARTMENT CF AGRICULTURE

SOIL CONSERVATION SERVI

COMPUTATION SHEET
SCS-523 REV 35-58

oE

— 470867

1958 0

GPO :

PROJECT

JCB NO.

SHEET

DATE

CHECKED BY

STATE

DATE

B8BY

SUBJECT

Jock
P

SO SRR SR NSRS DAL




—470068

13958 O

CULTURE

GPO

-~

H

SHEE

| JOB NOC.

i

DEPARTMENT CF AGR!
SOI/L CONSERVATION SERVICE

5.

U

DATE

i
-

ECT

CHECKED BY

PRGJ.

v

i

DATE

22 REV 5-58

3

OMPUTATION SHEE

C

SC
STATE
BY
sSUBJECT

!
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APPENDIX I

acre~foot

Abbreviations from USA Standards Imstitute

acre~-ft
ACTE 4 o o o o o o o s o o o o v o o o spell out
alternating-current (as adjective) . + . . « . . a-c
AMPETY@ o 2 o o o o o o s o s ¢ o o o o o o o o » amp
ampere-hour . « « o o o o o s « o o s o o« o amp=hr
antilogarithm . . « o « 2 « o « s « » o + o antilog
atmoSphere ¢ o ¢« o ¢ o o o o o ¢ 2 o s o o o« o o atm
AVETAZE o+ o o o o o o o o o o o o o o o o o o o AVE
avoirdupois . ¢« ¢ ¢ o o o o s o o o s o o o o advp
azimuth . . 4 ¢ o ¢« o o ¢ ¢ o o o o ¢ ¢« o « 8Z Or a
Parrel o o ¢ o « « « 4 o« o o o o s o s o o o o o bbBL
board feet (feet board measure) . . « o« o « o o fbm
‘brake HOYrSEepOWEr + . o « « « o o o o o o o o + o bhp
brake horsepower-hour . . « « « +« « ¢ « o o« bhp=hr
Brinell hardness number . . . . + « ¢« « « « « o Bhn
British thermal uni¢l! . . .. ... ... Btuor B
bushel ¢ v ¢ ¢ 5 ¢ ¢ ¢ o o o o » e o ¢ a « « « o bu
calorie .+ ¢ ¢ ¢ ¢ 4 ¢ o« ¢ o ¢« s s o o o « « « o cal
candle « . o« ¢ o o ¢ o o o 5 676 o o o s & o s s & C
candle~hour ., . 4 « ¢« 4+ 4 « s o ¢ 5 a s« s« « » c~hr
candlepower . o« . o o o o 4 ¢ o ¢ o o o o s o s CP
CENE & ¢ o« o o o « o « s o o e s o o o o « o+ cor ¢
center tO CEeNLETr . « « o+ o o« o « s« o « « o o« € tOoC
centiglram .+ o ¢ o ¢ o ¢ o o : o.0c s s s « s o s Cg
centiliter « ¢ o &+ &« o o o « ¢« o o o o o o o o o Cl
centimeter o ¢« « o o+ o o ¢ o o« o o o o s o.+ & o CHM
centimeter-gram-second (system) . . . ¢ o« « o o CES
circular . . . . ¢ L 4 e i s 4 s o e e o o s o o Cir
circular mills « o« o o« ¢ o« ¢ o o o« o ¢« o o cir mils
coefficient . . . ¢ ¢ ¢ ¢ ¢ ¢ o o o ¢ o o o «» coef
cologarithm . ¢ . . 4 4o 4 ¢« 4 o ¢« ¢ o « « « o« colog
COMCENLTALE o o o ¢ ¢ o o o o« o « o o o o o « CONC
constant ¢ ¢ ¢ ¢« ¢ ¢ ¢ o s o e o e s e s s s « cOnSt
COSECAML & o o ¢ ¢ o o ¢ ¢ o o o o s o o o« « « o C8C
COSINE o o o o o o o o o o« o o o o« o o o o o « o« COB
cost, insurance, and freight ., . . ¢« ¢ ¢« ¢« o & o cif
Cotangent . 4 ¢ ¢ ¢ o« ¢ ¢ o o o o s o o s s « o coOt
coulombs & 4 ¢ 4 ¢ ¢ ¢ ¢ ¢ e ¢ o o s « « o 8pell out
CUDIC 4 o o o o o 2 ¢ o o o ¢ o o o o« 2 o « & &« CU
cubic foot « o ¢ 4 ¢ ¢ 0 i e e b e 0 4 4y fE
cubic feet per minute . . . ¢ ¢ + 4 o ¢« ¢ « o «» cfm
cubic feet per second . v ¢« v ¢ o + o o s o o o Cfs
cubic inch ¢« ¢ v ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« e ¢ ¢ o o o €U in.

cubic MELEr . ¢ ¢ 4 ¢ o e o o s o
cUbic yard e & & 6 & s o e ¢ o o o @
cylinder - ® L] - L] ® ) L] . - [ ] [ ] - [ ]

diameter ." *® & & & s s = e & © & o o
dozen * & & & & ¢ & o+ °© & e & o s »

. . cumor m3
e o« cu yd
« o Ccyl

- * -
¢ o o
* . *

diam
doz




elevation . . 4 ¢ e o s a 8 s v o s v v o o o €1
EQUALION o ¢ o ¢ © o o ¢ o o o o o o ¢ o ¢ o o €Q
extErnal ¢ o 8 o & 8 e o & & o s 8 & ¢ o e o a XL

feet board measure (board feet) o e v o« o fbm
feet per minute . o « o o ¢ o @ o o s o« » fpm
feet per second . o ¢ ¢ s o o . e o o fps
fOOL o« o o o ¢ o o o o ¢ 6 o o o . o o o ft
foot=candle ¢ « ¢ ¢ o o ¢« ¢ o o o 0 0 o o o ft=c
fOQt‘pound e o o o o 5 o s s s e e 2 s o s o ft=1b

foot-pound-second (SYStEM) « « o o o o« o o o o £PS

* * L] L L] L] L] L * L] L3 gal
o Zpm
L] L] a o L] L] . - * L] L] gps

gallon « o« « ¢« o o &
gallons per minute .,
gallons per second .

- L] ®
L] * L]
L]

L]

*

L]

L]

L]

L]

v
L]

L]

hOrsepower ¢ o o e e o o & o o . hp

horsepomr "hour e @ ¢ o o4 o & o o ¢ s o o @ hp-hr
HOUY &« o « s « o « o ¢ 2 o « © o« o s o« » o« o o« hr
hundredweight (112 1b) ¢ ¢ ¢« ¢ o ¢ o o o o ¢ « CHWE

« o o o in,
e o in"lb
e o o o ips
. ihp
e o. ihpehr
e s o« « ID
e o o« o int

imh L] * * o * * * * * * *
inchepound . . ¢« ¢ ¢« ¢« o &
inches per second . . . .
indicated horsepower . . .
indicated horsepower-hour
inside diameter . . . . .
internal L] L ] L 3 * * L] ) . L L ]

« kg
L] * * L] * * - L ] * * - L ] kw

o kwhr

kilogram . . . .
kilowatt e o o ¢ o
kilowatthour . . .

L ] * L]

latitude ¢ o« '« o o o lat or ¢

least common multiple . o ¢ ¢ ¢ ¢ o o o ¢ « » lem
linear foot e 6 6 ¢ o 06 o 6 o & o o & o @ lin ft
liquid L L ] L ] L ] * L] L L] . * * * * * * L] * * L] ) liq
logarithm (common) « « o o « « o « « o o« « « « log
logarithm (natural) . . . . ¢ ¢« o« « « olog. Or 1In
longitude .+ &+ o ¢« « o o o « o o + o o« long. or A
mass L L * L] L] * L L[] * L) L] * L] L] - L ] L] L[] spell out
mathematics (ical) . , ., ., ... .. ..., math
maximum ¢ o 6 o 86 o o o o ¢ 0 6 o o 0 0 o max
melting point . & o o ¢ ¢ ¢ ¢ ¢ ¢ s 6 o o o o mWp
meter * * L ] * . L] L] * * . L] L] * L] L] L] L L] * L] L] m
Mile o ¢« ¢« o v o ¢ ¢ o s o o o o o s « « spell out
miles per hour ¢« ¢« ¢« o« o ¢ ¢ o ¢ o o o « o » o mph
miles per hour per second . « « « ¢« « » » o mphps
million gallons per day . .« « o ¢ o o ¢« o o o mgd
DinImMUm o o ¢ ¢ o ¢ o o o o o ¢ o o o o o s o Min
Minute o o o ¢ o ¢ o ¢ ¢ o v o ¢ o 0 o o o o o min

MONth . ¢ ¢ ¢ o ¢ o« ¢« o o ¢ o o « ¢ « « 8pell out
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OUNCE &+ o o o o » o &
ounce=£fo0l « o o o o o
ounce~inch « « « o o &
outside diameter . . .

parts per million . .
PeCK ¢ o ¢ o o o o o
penny (pence) . . o o
pennyweight . . . .
pint L ] L * L ] * * L] L] L ]
pound . . ¢ ¢ o o o o
pound~foot . « + . o @
pound-inch o o o o o o
pounds per cubic foot

pounds per square foot
pounds per square inch
power factor . . .« o .

quar t e ® o © o o o o

revolutions per minute
revolutions per second
rOd L ] L] * * * * L] L ] L ]

shaft horsepower . . .
Sine .« ¢« ¢ ¢ ¢ ¢ o o o
specific~-gravity . . .
SQUATE « ¢ o o o o o =
square centimeter . .
square foot . . . . .
square inch . . . . .
gsquare kilometer . . .
square meter . . . o o

square root of mean SquAare o« o o

standard « ¢ ¢ ¢ o o o

tangent.......
temperature . . o o o
tensile strength . . .
thousand « « « « ¢ o &
thousand foot-pounds .
thousand pound . . . .
ton |, . . . e e e o o
ton~mile « . ¢« ¢ o o &

versed sine . . . . .
VOltoooooo.oo
volt-ampere . o« o o o
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« o OZ
. 0Z=ft
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. . 0D

e o PPm
« o Pk
& L ] L ] d
. o dwt
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].b"ino
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..psf
« o p&i

spell cut or pf
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o o sqlmorkm
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Watt L] L] (-] ® L] ®
watthour « « « &
watts per candle
Week o o o o o o
weight e o o o o
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year L ] L] L ) L] L ) L]
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APPENDIX II

ENGINEERING CONVERSION FACTORS

Multiply

by To obtain

acres 404687 hectares

" 4.04687 x 10~3 square kilometers
ares 1076.39 square feet
board feet 144 sq. in. x 1 in. cubic inches

" " .0833 cubic feet
centimeters 3.28083 x 10™2 feet

" .3937 inches

cubic centimeters 3.53145 x 1073 cubic feet

" " 6.102 x 10~2 cubic inches

cubic feet
" "

" n

cubic inches

cubic meters
11 "

cubic yards

degrees, angular

degrees Fahrenheit (less
32 F.)

degrees Centigrade

foot pounds

feet

n

gallons, British Imperial

" 1" 11]

" " 1"
gallons, U.S.

[A) "

1" "

" 111

grams, metric

“hectares
Al

horse~power, metric
-horse-power, U.S.
inches

2.8317 x 10%
2.8317 x 102
6.22905
28.3170
2.38095 x 1072
.025
16.38716
35.3145
1.30794
. 764559
.0174533
.5556

1.8
.13826
30.4801
.304801
304.801
1.64468 x 1074
.160538
1.20091
4.54596
.832702
.13368
231.
3.78543
2.20462 x 10~3
2.47104
1.076387 x 10
3.86101 x 1073
.98632
1.01387
2.54001
2.54001 x 1072
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cubic centimeters

cubic meters

gallons, British Imperial
liters

tons, British Shipping
tons, U.S. Shipping

cubic centimeters

cubic feet

cubic yards

cubic meters

radians ;
degrees, Centigrade A

degrees, Fahrenheit (less 32 F.)
kilogram meters '
centimeters

meters

millimeters

miles, nautical

cubic feet

gallons, U.S.

liters

gallons, British Imperial
cubic feet

cubic dinches

liters

pounds, avoirdupois
acres

square feet

square miles
horse-power, U.S.
horse-power, metric
centimeters

meters



APPENDIX II {Continued)

Multiply by ‘To obtain
inches 25.4001 millimeters
kilograms 2.20462 pounds

" 9.84206 x 10=4  long tons

n

kilogram meters
kilograms per meter
kilograms per square
centimeter
kilograms per square meter
" 1 11] 1"
kilograms per square
millimeter
kilograms per square
millimeter
kilograms per cubic meter
kilometers
"
liters
11]
11
meters
"
11]

miles, statute
" "

miles, nautical
" "
1) "

millimeters
"

pounds, avoirdupois
" "
" "

pounds per foot
pounds per square foot
pounds per square inch

" " " 1"

pounds per cubic foot
radians
square centimeters

square feet
11] n

1.10231 x 10~3
7.233
.671972

14.2234
.204817
9.14362 x 1072

1422.34

.634973
6.24283 x 10~2
.62137
.53959
.219975
.26417
3.53145 x 10™2
3.28083
39.37
1.09361
1.60935
.8684

6080.204

1.85325

1.1516

3.28083 x 1073
3.937 x 1072

453,592

.453592
4,464 x 10™4
4.53592 x 1074
1.48816
4.88241

7.031 x 10~2

7.031 x 1074

16.0184
57.29578
.1550
9.29034 x 104
9.29034 x 10-6
.0929034

A-11-2

short tomns
foot pounds
pounds per foot

pounds per square inch
pounds per square foot
long tons per square foot

pounds per square inch

long tons per square inch
pounds per cubic foot
miles, statute

miles, nautical
gallons, British Imperial
gallons, U.S,.

cubic feet

feet

inches

yards

kilometer

miles, nautical

feet

kilometers

miles, statute

feet

inches

grams, metric
kilograms

tons, long

tons, metric
kilograms per meter

kilograms per
kilograms per
centimeter
kilograms per
millimeter
kilograms per

square meter
square

square

cubic meter

degrees, angular

square inches
ares

hectares
square meters




"APPENDIX II (Continued)

tons, long, per square

1.09366 x 10%

tons, long, per square inch 1.57464

tons, metric
n 13}

1" mn

tons, short
" n

" 1

tons, British Shipping
1 "

tons, U.S. Shipping
1 n

2204.62
.98421
1.10231
907.185
.892857
.907185
42.00
.952381
40.00
1.050
.914402

A-T1I-3

Multiply by To obtain

square inches 6.45163 square centimeters

" " 645.163 square millimeters
square kilometers 247.104 acres

" " .3861 square miles
square meters 10.7639 square feet

" " 1.19599 square yards
square miles 259.0 hectares

" " 2.590 square kilometers
square millimeters 1.550 x 10~3 square inches
square yards .83613 square meters
“tons, long 1016.05 kilograms

" " 2240. pounds

" " 1.01605 tons, metric

" ! . 1.120 tons, short

kilograms per square meter

kilograms per square
millimeter

pounds

tons, long

tons, short

kilograms

tons, long

tons, metric

cubic feet

tons, U.S. Shipping

cubic feet

tons, British Shipping

" meters

B
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