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COMPUTATION STANDARDS 

A. INTRODUCTION 

In eng ineer ing  p r a c t i c e  t h e r e  is one reason and only one reason f o r  
making computat ions--ut i l i ty .  They a r e  made f o r  use  i n  reach ing  a  
s p e c i f i c  goal .  There a r e  no t r u l y  unimportant c a l c u l a t i o n s  i n  any 
p r a c t i c a l  s i t u a t i o n ,  s i n c e  each "minor" r e s u l t  i s  a  l i n k  i n  t h e  
s e r i e s  t h a t  l e a d s  from t h e  given d a t a  t o  t h e  f i n a l  answer. 

To be  u s e f u l ,  c a l c u l a t i o n s  must be  a c c u r a t e  iind a s  p r e c i s e  a s  t h e  
d a t a  s p e c i f y .  Thus every e f f o r t  must be  made t o  prevent  b lunders  
and t o  d i s c o v e r  and c o r r e c t  those  t h a t  do occur.  

Checking must b e  done b e f o r e  t h e  work i s  submit ted f o r  a c t i o n .  

Accuracy i n  simple arithmetic i s  t h e  most important  of t h e  r e q u i r e d  
s k i l l s .  Blunders  i n  a d d i t i o n ,  s u b t r a c t i o n ,  d i v i s i o n ,  and m u l t i p l i -  
c a t i o n  a r e  t h e  causes  of f a r  g r e a t e r  l o s s e s  of t ime,  e f f o r t ,  m a t e r i a l s ,  
and money than  mis takes  i n  theory.  

The computer should form t h e  h a b i t  of checking and rechecking ill h i s  . 
f i g u r i n g  a s  h e  goes along. 

B. THE PRINCIPAL ELEMENTS INVOLVED I N  THE PREPARATION OF CALCULATIONS 

There a r e  four  t h i n g s  t h a t  should b e  considered i f  one i s  t o  p r e p a r e  
c l e a r ,  c o n c i s e ,  p ro fess iona l - type  c a l c u l a t i o n  s h e e t s .  Such records  
shou ld  be  easy  t o  fol low,  easy t o  check, and easy t o  use.  

1. Record t h e  a n a l y s i s  and s o l u t i o n  of t h e  problem, b reak ing  i t  
i n t o  a  s e r i e s  of  s imple  and l o g i c a l  s t e p s ;  avoid t h e  u s e  of 
u n f a m i l i a r  s h o r t  c u t s .  B e  s u r e  t h a t  t h e  cha in  of  r eason ing  
from d a t a  through t o  t h e  f i n a l  r e s u l t  is complete and easy  
t o  fol low.  

2. Use t h e  mechanical arrangement and s h e e t  r u l i n g s  s p e c i f i e d  i n  
t h i s  pamphlet. 

3 .  Consider  t h e  q u a l i t y  and n e a t n e s s  of  t h e  work. It should b e  
o f  high q u a l i t y  b u t  n o t  fussy .  

4. Symbol codes ,  s t a n d a r d s ,  and a b b r e v i a t i o n s  should be  those  
g e n e r a l l y  accep ted .  The codes  i n  t h i s  paper  a r e  of  t h e  USASI 
(United S t a t e s  of America S tandards  I n s t i t u t e ) ,  formerly  American 
Standards  I n s t i t u t e .  (See Appendix. ) 

Note: Use the same abbreviations for both singular and plural. 
No periods used except where speci f ical ly  shmn as in .  
for inch. 

MAKE IT YOUR RULE 
TO DATE EVERYTHING 



Avoid t h e  i n d i s c r i m i n a t e  use  of  i n i t i a l  l e t t e r s .  S p e l l  the  
words i n  f u l l  u n l e s s  a recognized a b b r e v i a t i o n  is found. 

C. THE PROBLEM 

The problem must be  de f ined  c l e a r l y .  One must understand t h e  s t a tement  
of t h e  problem and perce ive  i ts  c e n t r a l  q u e s t i o n  b e f o r e  one can plan 
t h e  a t t a c k .  

When one h a s  p inpo in ted  t h e  problem, c o l l e c t e d  d a t a ,  gathered t h e  
mathematical  t o o l s ,  and considered methods of a t t a c k ,  he  is ready t o  
start t h e  s o l u t i o n .  

Remember t h e  o l d  adage: A problem ~ e Z 2  defined i s  ha l f  solved. 

This  simply is a method of  t h i n k i n g  a  problem through and w r i t i n g  down 
s t e p  by s t e p  how you propoee t o  s o l v e  it. This  s e r i e s  of  s t e p s  numbered 
i n  sequence is t h e  problem analysis .  On t h e  computation s h e e t  it should 
fol low t h e  s t a tement  of the problem and t h e  ske tch  you may have drawn. 

P lease  underscore  t h i s  - Don't make a k q l i s h  theme of the problem 
analysis. 

Each s t e p  of  t h e  problem a n a l y s i s  can u s u a l l y  be s t a t e d  i n  one sen tence .  
I f  much l o n g e r ,  you may n o t  have broken t h e  problem down s u f f i c i e n t l y  
and a r e  a t t empt ing  t o  s o l v e  i t  i n  t o o  l a r g e  i 'bites." Again, t h e  s t a t e -  
ments i n  t h e  problem a n a l y s i s  should be  b r i e f ,  concise ,  and complete i n  
t h e i r  meaning. 

Use n a r r a t i v e  t o  r e l a t e  s p e c i f i c  computations t o  t h e  t o t a l  des ign.  The 
use  o f  a few s e n t e n c e s  s c a t t e r e d  through t h e  computations o f t e n  f a c i l i -  
t a t e s  t h e  review o f  t h e  problem s o l u t i o n .  

N a r r a t i v e  should be  used t o  e x p l a i n  o r  j u s t i f y  t h e  method chosen f o r  
s o l u t i o n .  A l t e r n a t e s  t h a t  have been examined and e l imina ted  should b e  
desc r ibed  b r i e f l y  and c o n c i s e l y .  

E. FORMAT OF THE COMPUTATION SHEETS 

Use Computation Sheet  SCS-522 Rev. 5-58, 4 squares  t o  t h e  inch,  o r  
SCS-523 Rev. 5-58, 5 s q u a r e s  t o  t h e  inch. 

1. F i l l  i n  every  space and l i n e  a t  t h e  t o p  of  t h e  shee t .  Be very 
met iculous  and f i l l  each s h e e t  o f  your computations. 

2 .  Divide t h e  s h e e t  i n t o  two columns. For s l i d e  r u l e  work make t h e  
l e f t  c o l u ~  two inches  wide, f o r  logar i thms  and longhand make i t  
t h r e e  inches  wide. 

3. Reserve t h e  wide, r ight-hand column f o r  diagrams, a n a l y s i s ,  and 
s o l u t i o n  of  t h e  problem. A l l  a r i t h m e t i c a l  f i g u r i n g  belongs i n  
t h e  l e f t -hand  column. References  may a l s o  be shown i n  t h i s  column. 



Do not use scratch paper. Leave a p l a i n  t r a i l  f o r  t h e  checker  
t o  fol low.  

Draw a horizontal l ine  from edge t o  edge o f  the page t o  s e p a r a t e  
each s t e p  i n  a s e r i e s  from t h e  one t o  follow. O m i t  t h e  l i n e  i f  
no th ing  fol lows on t h a t  page. 

U6.e standard enqineering le t ter ing.  Do not  s c r i b b l e  o r  use  s c r i p t .  

Never mark one fi-gure over another. It l e a v e s  doubt i n  t h e  u s e r ' s  
mind and i s  a  c a r e l e s s  h a b i t .  

Use a ruler  or triangle f o r  a l l  r u l i n g s ,  diagrams and o t h e r  
s t r a i g h t  l i n e s .  

Be careful  with spel l ing and use o f  English. 

Avoid crowding. Use more paper i f  necessa ry .  

Where r e p e t i t i v e  computations a r e  numerous, columnar forms SCS-344 
and SCS-347 may be  used. Space is  a v a i l a b l e  a t  t h e  top  of t h e  
s h e e t  f o r  job i d e n t i f i c a t i o n  and d e s c r i t i o n  of t h e  work, d a t e ,  and 
computer ' s  i n i t i a l s .  

F. MATHEMATICAL 

AZways s h m  the proper location o f  the decimal point and be s u r e  
i t  is d i s t i n c t .  Decimal po in t  e r r o r s  a r e  common b u t  a r e  inexcusable .  

Place a aero i n  front o f  the decimal point for a l l  numbers less  
than 1. This  h e l p s  t o  p reven t  e r r o r s .  

Point o f f  large numbers i n  blocks o f  three d i q i t s  both w q s  from 
the  decimal point;  t h u s  94,500. and 0.006,56 

Use parentheses or brackets t o  indicate multiplication. Do not 
use t h e  c e n t e r  d o t ,  a s  i t  becomes confused wi th  t h e  decimal p o i n t  
i n  hand work. Do not u s e  t h e  l e t t e r  x s i n c e  i t  i s  confus ing  i n  
many s i t u a t i o n s  and i t  t a k e s  no more e f f o r t  t o  use  pa ren theses .  

Indicate div is ion with a horizontal bar fraction. Do not use t h e  
symbol 5 o r  t h e  i n c l i n e d  b a r .  The f i r s t  i s  l a r g e l y  o b s o l e t e ,  t h e  
second is  a  p r o l i f i c  s o u r c e  o f  mis takes .  

Show proportions i n  fractional form w i t h  t h e  unknown i n  t h e  f i r s t  
numerator .  

A problem i l l u s t r a t i n g  t h e  format and problem a n a l y s i s  i s  included.  



G. UNITS 

The u n i t s  i n  which numerical va lues  a r e  measured have j u s t  a s  great  
a bear ing  on the  usefu lness  of t h e  answers a s  do the  mere numbers. 
No answer i s  any b e t t e r  than t h e  u n i t s  t ha t  descr ibe  i t .  Write the 
u n i t  with every quant i ty  used. 

H. CALCULATION AND CONVERSION OF UNITS 

F i r s t  and most important,  w r i t e  t h e  u n i t s  with every quant i ty  used 
and w r i t e  every conversion cons tan t  needed i n  i ts proper un i t s .  
Conversion cons tan ts  a r e  u sua l ly  given in  a form such as :  

1000 meters _ 12 inches 27 cu f t  
1 kilometer  1 foot  1, o r  1 cu yd a 1 

These constants  a r e  read a s  "1000 meters per  kilometer," "twelve 
inches pe r  foot" and "twenty-seven cubic f e e t  per cubic yard." The 
word per  i n  t h i s  sense  always means there  a r e  u n i t s  i n  both numerator 
and denominator and i t  is  the  equivalent  of a d iv i s ion  s ign .  Since 
t h e  quant i ty  is a r a t i o  t h a t  equals  1, i t  may be used a s  a multi- 
p l i e r  o r  d iv i so r  without a l t e r i n g  the value o f  another quanti ty.  

Example 1 

Couv-=rt 1.63 km i n t o  f ee t .  To do t h i s  four  conversion f ac to r s  a r e  
needed, a s  follows: 

1000 meters 
1 kilometer  = 1 Read as "1000 meters per kilometer." 

100 cent imeters  
1 meter = 1 Readas  "100centimeterspermeter." 

12 inches 
1 foot  

Read as "12 inches per  foot." 

centimeters - 1 Read a s  "2.54 cent imeters  per inch." 
1 inch 

S t a r t  with t he  1.63 ki lometers  and s e t  t he  work up a s  a product of  
success ive  f r a c t i o n s ,  using the  conversion r a t i o s  so  t h a t  t he  unwanted 
u n i t s  cancel  out ,  u l t ima te ly  leaving  only f ee t .  

Remember, u n i t s  may be cancel led when mult iplying o r  dividing the  
same a s  numbers. I n  addi t ion  o r  subt rac t ion ,  however, t h e  u n i t s  
must be the  same. 

4 



Example 2 

Convert  a  f low o f  1 c f s  ( cub ic  f e e t  per  second) p e r  day i n t o  a  
volume o f  a c r e  f e e t .  

To do t h i s  two convers ion  f a c t o r s  a r e  needed,  a s  ' fo l lows :  

86,400 s e c  = 

day 

43,560 c u  f t  = 1 
ac- f t  

1 cu  f t  
s e c  1- 86,400 set ac-f t 

day = ( -  ) ( 'w )  ( ) ( 4 3 , 5 6 0 t t r - f t )  

= 86,400 ac - f t  
43,560 

= 1.983 a c - f t  Usual ly  c a l l e d  2 a c - f t  

HOLMAN'S RULES FOR NUMERICAL CALCULATIONS 

S i n c e  i t  is  mis lead ing  a s  w e l l  a s  t ime w a s t i n g  t o  c a r r y  n e e d l e s s  
f i g u r e s  through a  c a l c u l a t i o n ,  t h e  e n g i n e e r  should  know how t o  
round o f f  v a l u e s  p roper ly  and a l s o  know what t h e  t r u e  r e s u l t s  w i l l  
b e  where v a l u e s  o f  v a r i e d  p r e c i s i o n  a r e  brought  t o g e t h e r  i n  a  s e r i e s  
o f  c a l c u l a t i o n s .  The p r e c i s i o n  o f  a  r e s u l t  depends upon t h e  p r e c i -  
s i o n  of  b o t h  t h e  v a r i o u s  f a c t o r s  and t h e  mathemat ical  o p e r a t i o n s  
performed. It is n e c e s s a r y ,  t h e r e f o r e ,  f o r  one t o  become f a m i l i a r  
w i t h  t h e  f a c t s  t h a t  a r e  summed up i n  Holman's r u l e s  o f  c a l c u l a t i o n .  
I n  a l l  t h e  f o l l o w i n g  i n s t r u c t i o n s  and examples t h e  d o u b t f u l  f i g u r e s  
a r e  t h e  s m a l l e r  numbers. 

1. Addi t ion  o r  S u b t r a c t i o n  - The r e s u l t  cannot  b e  a c c u r a t e  beyond 
t h e  column hav ing  t h e  f i r s t  d o u b t f u l  va lue .  Note t h e  l o s s  of  - 
s i g n i f i c a n t  f i g u r e s  i n  t h e  t h i r d  example. 

ADDITION SUBTRACTION SUBTRACTION 

IN THESE EXAMPLES THE DOUBTFUL 
FIGURES ARE PRINTED SMALLER. 



It should be noted from t h e  examples above t h a t  when the  t o t a l  
must be c o r r e c t  t o  a  spec i f i ed  column of  d f g i t s  i t  may be 
necessary  t o  c a l c u l a t e  t h e  s epa ra t e  items t o  varying numbers 
of  s i g n i f i c a n t  f i gu re s .  The prec is ion  of  a l l  f a c to r s  leading 
t o  t h e  i tems must be ad jus ted  t o  t he  prec is ion  des i red  i n  the 
reaul- t  . 

2. Mu l t i p l i c a t i on  o r  Divis ion - The r e s u l t  w i l l  be  accura te  only 
t o  same number o f  f i g u r e s  a s  t h e  l e a s t  p rec i se  f a c t o r  involved. 
This w i l l  b e  t r u e  regard less  of t he  number of f a c t o r s  involved. 
Note t h e  p r ec i s ion  i n  t h e  examples below. 

MULTIPLICATION DIVISION 

AV THESE EXAMPLES THE DOUBTFUL 
FIWRES ARE PRINTED SMALLER. 

3. Carrying Doubtful Figures - In genera l ,  c a r ry  through a l l  i n t e r -  
mediate c a l c u l a t i o n s  one more f i gu re  than is wanted i n  t he  end 
r e s u l t  of a cha in  of c a l cu l a t i ons .  That is, c a r r y  two, but  only 
two, doubt fu l  f i gu re s  through t h e  intermediate  s t e p s  ; then c u t  
back t o  one doubtful  d i g i t  i n  t h e  f i n a l  answer. Remember, however, 
t h a t  one doubtful  f i gu re  w i l l  always be l e f t  when any rounding o f f  
is done. Dropping i t  merely makes t h e  one t o  i t s  l e f t  doubtful .  
Refer t o  s e c t i o n  below f o r  the r u l e s  f o r  rounding numerical values.  

When measured values a r e  t o  be used i n  connection with constants  
such a s  n o r  conversion cons tan ts  t h a t  a r e  known t o  many p laces ,  
time w i l l  be saved i f  t h e  cons tan ts  are cu t  back t o  t he  same 
number of  s i g n i f i c a n t  f i gu re s  a s  t he  measured values. 



Rules f o r  Rounding Off Numerical Values 

The fo l lowing  i n s t r u c t i o n s ,  i n c l u d i n g  t h e  numbering o f  t h e  r u l e s ,  
a r e  taken from USA Standard I n s t i t u t e  Code No. 225.1-1940, "Rules 
f o r  Rounding Off Numerical Values." They s h o u l d  be  fol lowed when- 
e v e r  i t  is necessa ry  t o  round o f f  v a l u e s  t h a t  have more f i g u r e s  
than  can b e  used i n  t h e  f i n a l  answers. 

I n  s e t t i n g  up r u l e s  f o r  rounding o f f  dec imals  t h e r e  a r e  t h r e e  
g e n e r a l  c a s e s  t h a t  should  b e  cons ide red .  They may b e  s t a t e d  as 
fo l lows  : 

Case 1 - When t h e  f i g u r e  n e x t  beyond t h e  l a s t  f i g u r e  o r  p l a c e  t o  
b e  r e t a i n e d  is l e s s  than  5 ,  t h e  f i g u r e  i n  t h e  l a s t  p l a c e  
r e t a i n e d  shou ld  b e  k e p t  unchanged. 

Example: 1.2342 1.234 1.23 1 .2  

Case 2 - When t h e  f i g u r e  n e x t  beyond t h e  l a s t  f i g u r e  o r  p l a c e  t o  
be r e t a i n e d  i s  more than  5, t h e  f i g u r e  i n  t h e  l a s t  p l a c e  
r e t a i n e d  should  b e  i n c r e a s e d  by 1. 

Example : 1.6789 1.679 1.68 1.7 

Case 3 - When t h e  f i g u r e  n e x t  beyond t h e  l a s t  f i g u r e  o r  p l a c e  t o  
be  r e t a i n e d  i s  5 and 

( a )  t h e r e  a r e  no  f i g u r e s ,  o r  on ly  z e r o s ,  beyond t h i s  5 ,  
i f  t h e  f i g u r e  i n  t h e  l a s t  p l a c e  t o  b e  r e t a i n e d  is 
odd, i t  should  b e  i n c r e a s e d  by 1; i f  even, i t  should  - 
b e  k e p t  unchanged; 

Example : 1.35 1.4 
1.3500 1.4 
1.45 1.4 
1.4500 1.4 

(b) i f  t h e  5 n e x t  beyond t h e  f i g u r e  i n  t h e  l a s t  p l a c e  t o  
b e  r e t a i n e d  i s  followed by any f i g u r e s  o t h e r  than  
z e r o ,  t h e  f i g u r e  i n  t h e  l a s t  p l a c e  r e t a i n e d  should  
b e  i n c r e a s e d  by 1, whether  odd o r  even. 

Example: 1.3501 1 .4  
1.3599 1.4 
1.4501 1 .5  
1.4599 1 .5  

The above r u l e s  f o r  rounding o f f  dec imals  may b e  r e s t a t e d  a s  
fo l lows  : 

The f i g u r e  i n  t h e  l a s t  p l a c e  t o  be  r e t a i n e d  s h o u l d  b e  k e p t  unchanged 

(a )  when t h e  f i g u r e  i n  t h e  n e x t  p l a c e  is more t h a n  5 ,  



(b) when the  f i g u r e  i n  t he  next  place i s  5 followed by no other  
f i gu re s  or  only by zeros ,  and the f i g u r e  i n  t h e  l a s t  place 
re ta ined  i s  even. 

h e  f i gu re  i n  t h e  l a s t  p lace  t o  be re ta ined  should be  increased 
by 1 

(a)  when t h e  f i g u r e  i n  t h e  next  place i s  more than 5 ,  

(b) when the  f i g u r e  i n  t h e  next  p lace  is 5 ,  followed by no 
o the r  f i gu re s  o r  only by zeros,  and t h e  f i gu re  i n  the  
l a s t  place r e t a ined  is odd, 

(c )  when t h e  f i g u r e  i n  t he  next  p lace  is 5 ,  followed by any 
f igu re  o r  f i g u r e s  o t h e r  than zero.  

The f i n a l  rounded va lue  should be obtained from the most p rec i se  
value ava i l ab l e  and not  from a s e r i e s  of successive roundings. 
For example, 0.5499 should be  rounded o f f  success ive ly  t o  0.550, 
0.55, and 0.5 (not  0.6), s i n c e  t he  most p rec i se  value ava i l ab l e  
is less than 0.55. S imi la r ly ,  0.5501 should be  rounded of f  a s  
0.550, 0.55, and 0.6, s i nce  t h e  most prec ise  value ava i l ab l e  is  
more than 0.55. 

J. OTHER ITEMS 

Formula Worshipping is a time-wasting and a t  times dangerous method 
of so lv ing  problems. The formula worshippers make a f e t i s h  of 
f ~ r m u l a s , - e ~ ~ e c i a l l ~  i n  f i e l d s  where the;-are inexperienced and, 
consequently, no t  s u r e  of themselves. As a r e s u l t  they spend much 
time i n  hunting a magic formula t h a t  w i l l  g ive  a r e s u l t  without t he  
labor  of thinking. They hope i t  is  co r r ec t  but  cannot know. I f  they 
would break t h e  problem down i n t o  a s e r i e s  of simple, f ami l i a r  s t e p s ,  
each one easy t o  understand and so lve ,  they would save time and make 
fewer blunders. Resul ts  obtained by formulas a r e  r e s u l t s  obtained 
by secondhand th inking  unless  t h e  formula i s  c l e a r l y  understood and 
i ts  de r iva t ion  known. A t  b e s t  formulas a r e  a symbolic shorthand. 

Er rors  and Blunders - Errors  a r e  defined a s  the  d i f f e r ence  between 
the  t r u e  value and t h e  one measured o r  computed. The e r r o r  is 
pos i t i ve  o r  nega t ive  depending on whether t he  computed va lue  is 
l a r g e r  o r  smal le r  than the  t r u e  value.  The magnitude and s i g n  of  
t he  e r r o r  a r e  determined from t h i s  equation: 

( t h e  m::sured 
Error  = - ( t he  t rue  value) 

computed value 

Thus, i f  a l i n e  i s  computed a s  being 173.5 f e e t  long and the t r u e  
value is 173.7 f e e t ,  t h e  e r r o r  is 173.5 - 173.7 = -0.2 foot  o r  
0.2 foot  too  shor t .  



Blunders  a r e  de f ined  a s  s t u p i d  mis takes .  Men i n  p o s i t i o n  t o  know 
have s t a t e d  r e p e a t e d l y  t h a t  f u l l y  90 percen t  o f  t h e  mis takes  i n  
f i g u r i n g  a r e  due t o  c a r e l e s s  a r i t h m e t i c a l  b lunders .  They a r e  t h e  
source  o f  cons tan t  d e l a y  and expense.  Nearly a l l  t h e  mis takes  
t h a t  b e d e v i l  eng ineer ing  o f f i c e s  a r e  due t o  c a r e l e s s n e s s  i n  calcu-  
l a t i o n s ,  n o t  t o  t r o u b l e s  i n  theory  o r  h igher  mathematics.  Wrong 
answers due t o  b lunders  i n  a r i t h m e t i c  cannot be  brushed a s i d e  
l i g h t l y  wi th  an offhand remark about misplaced decimal p o i n t s  o r  
mis takes  i n  a r i t h m e t i c .  Accuracy i s  a  mark o f  competence. 

Source of Blunders 

1. Unvoiced f e e l i n g  t h a t  t h i s  phase o f  t h e  work i s  r e l a t i v e l y  
unimportant .  

2. Sometimes m ~ m e n t a r y ' l a ~ s e  o f  a t t e n t i o n .  A b i t  of mind wandering 
w h i l e  t h e  p e n c i l  moves mechanical ly .  

3 .  Transposing o f  d i g i t s  when copying va lues  from s c r a t c h  paper ,  
which i s  one of t h e  reasons  f o r  f o r b i d d i n g  i t s  use.  This  is 
a time consuming b lunder ,  because an i n t e r n a l  t r a n s p o s i t i o n  of 
d i g i t s  is one of t h e  most d i f f i c u l t  mis takes  t o  d e t e c t .  

SO-MAKE I T  A RULE TO DATE AND I N I T I A L  EVERYTHNG. 
AND TRAIN THOSE UNDER YOU TO DO THE SAME. 

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



THE ILLUSTRATIVE PROBLEM 

Karl  Brown, a coopera to r ,  came t o  t h e  d i s t r i c t  o f f i c e  f o r  a s s i s t a n c e  
i n  planning an  i r r i g a t i o n  system f o r  a 1 6  a c r e  a l f a l f a  f i e l d  he  is 
seeding. 

Brown has  a w e l l  t h a t  has  been t e s t e d  a t  275 gpm. He a l s o  has  a good 
r e s e r v o i r  s i t e  t h a t  can be developed by c o n s t r u c t i n g  a low e a r t h  dam 
a c r o s s  a narrow draw. The r e s e r v o i r  is l o c a t e d  about  30 f t  above the  
wel l .  Brown doesn ' t  have a pump i n  t h e  w e l l  a t  t h e  p resen t  time. He 
would use  e l e c t r i c  power f o r  t h e  pump. He w i l l  a l s o  need a c a n a l  from 
t h e  r e s e r v o i r  t o  t h e  a l f a l f a  f i e l d .  

I f  i t  is a t  a l l  p o s s i b l e ,  Brown would l i k e  a r e s e r v o i r  t h a t  w i l l  s e r v e  
a s  an i r r i g a t i o n  s t o r a g e  r e s e r v o i r  and a l s o  provide him a p lace  t o  
r a i s e  some f i s h .  

You a r e  ass igned t o  work w i t h  M r .  Brown on t h i s  project--you make an 
appointment wi th  him t o  come ou t  and look  t h e  p r o j e c t  s i t e  over .  

S ince  B r o w  has  an agreement w i t h  t h e  S o i l  Conservation D i s t r i c t ,  you, 
B i l l  Young, t h e  d i s t r i c t  c o n s e r v a t i o n i s t ,  and t h e  a rea  engineer  s tudy  
Brovn's s o i l  map and come t o  t h e  conclusion t h a t  t h e  peak consumptive 
use  requirement f o r  t h e  a l f a l f a ,  t h a t  w i l l  determine t h e  i r r i g a t i o n  
s t o r a g e  requfrement of t h e  r e s e r v o i r ,  is a 5-inch a p p l i c a t i o n  every  
14 days. 

A s tudy  of  t h e  r e s e r v o i r  s i t e  shows t h a t  a 9 f t  dam w i l l  c r e a t e  a 
12 acre-foot  r e s e r v o i r .  

While you were o u t  on t h e  farm, Brown t o l d  you he had learned from 
t h e  pover company t h a t  e l e c t r i c  power f o r  a pump would be easy t o  
b r i n g  t o  t h e  w e l l .  Power r a t e s  a r e  lower i f  pump o p e r a t e s  only 10 
hours  per  day. 

The a l f a l f a  f i e l d  w i l l  b e  i r r i g a t e d  w i t h  g r a v i t y  f l o v  from t h e  r e s e r v o i r .  
He w i l l  u s e  t h e  border  method and i r r i g a t e  12 hours  per  day. 

Note: One o f  my draftsmen who copied the problem computations i n  ink 
( f o r  a sharper reproduction) came i n  one morning and asked 
where I got the i n f o m t i o n  about the d m  and reservoir, and 
~ o u l d n  't Mr. Brown  want t o  know how much the job will cost .  

So I went t h m g h  the  varioue steps a technician or an 
engineer would go through t o  obtain the data for the problem. 
Field surveys, locating and tes t ing  s o i l  for the dam, cost 
estimates and specif ications,  and posaib l y  preparing a benef i t :  
cos t  r a t i o  or Mr. B m n .  My draftsman friend would l i k e  t o  g see the p m  l e m  developed i n  those detai ls .  I adnit that  
might be  a good idea, but the Service f ie ld  personnel would 
know how t o  handle these steps. BasicaZly the function of the 
problem i s  t o  iZZuatrate the method o f  h.obZem Analysis and 
to  s e t  up the fonnat for computations. 
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diameter  . . . . . . . . . . . . . . . . . .  diam 
dozen . . . . . . . . . . . . . . . . . . . .  doz 

e l e v a t i o n  . . . . . . . . . . . . . . . . . . .  e l  
equat ion  . . . . . . . . . . . . . . . . . . .  eq 
e x t e r n a l  . . . . . . . . . . . . . . . . . . .  ex t  

f e e t  board measure (board f ee t )  . . . . . . . .  fbm 
f e e t  per  minute . . . . . . . . . . . . . . . .  fprn 
f e e t  per  second . . . . . . . . . . . . . . . .  fps  
foo t  . . . . . . . . . . . . . . . . . . . . .  f t "  
foot-candle . . . . . . . . . . . . . . . . .  f t -c  
foot-pound . . . . . . . . . . . . . . . . .  f t - l b  . . . . . . . . . .  f  oot-pound-second (system) fps 

ga l lon  . . . . . . . . . . . . . . . . . . . .  gal  
ga l lons  per  minute . . . . . . . . . . . . . .  gpm 
gal lons  per  second . . . . . . . . . . . . . .  gps 

horsepower . . . . . . . . . . . . . . . . . .  hp 
horsepower-hour . . . . . . . . . . . . . . .  hp-hr 
hour . . . . . . . . . . . . . . . . . . . . . .  h t  
hundredweight (112 l b )  . . . . . . . . . . . .  cwt 

inch . . . . . . . . . . . . . . . . . . . . .  i n .  
inch-pound . . . . . . . . . . . . . . . . .  in-lb 
inches per  second . . . . . . . . . . . . . . .  i p s  
ind ica ted  horsepower . . . . . . . . . . . . .  ihp  . . . . . . . . .  i nd i ca t ed  horsepower-hour ihp-hr 
i n s i d e  diameter . . . . . . . . . . . . . . .  I D  
i n t e r n a l  . . . . . . . . . . . . . . . . . . .  i n t  

. . 

kilogram . . . . . . . . . . . . . . . . . . .  kg . . . . . . . . . . . . . . . . . . .  ki lowat t  k w  
ki lowatthour . . . . . . . . . . . . . . . .  kwhr 

l a t i t u d e  . . . . . . . . . . . . . . . .  l a t  o r  4 . . . . . . . . . . . . .  l e a s t  common mul t ip le  lcm 
l i n e a r  foot  . . . . . . . . . . . . . . . .  l i n  f t  
l i q u i d  . . . . . . . . . . . . . . . . . . .  l i q  . . . . . . . . . . . . .  logari thm (comon) l o g  . . . . . . . . . .  logari thm (na tura l )  log.  o r  I n  
longi tude  . . . . . . . . . . . .  long. or 

. . . . . . . . . .  mass 
mathematics ( i c a l )  . . .  
maximum . . . . . . . . .  
melt ing poin t  . . . . . .  
meter . . . . . . . . . .  
m i l e  . . . . . . . . . .  
miles per  hour . . . . .  
miles  per  hour per second 

s p e l l  ou t  . . math . . max . .  mp . . .  . m  
s p e l l  ou t  
. . mph . . mphps 

* ft2 or in .3  for sq ft or mc . in.  not n permissible American 
Standard, is used i n  metric system. 



m i l l i o n  g a l l o n s  per day . . . . . . . . . . .  mgd . . . . . . . . . . . . . . . . . . .  minimum min . . . . . . . . . . . . . . . . . . .  minute min . . . . . . . . . . . . . . . .  month s p e l l  o u t  

. . . . . . . . . . . . . . . . . . . .  o u n c e .  oz  . . . . . . . . . . . . . . . .  ounce-foot oz - f t  . . . . . . . . . . . . . . . .  ounce-inch oz-in. 
o u t s i d e  diameter  . . . . . . . . . . . . . . .  OD 

p a r t s  pe r  m i l l i o n  . . 
peck . . . . . . . . .  
penny (pence) . . . . .  
pennyweight . . . . . .  
p i n t  . . . . . . . . .  
pound . . . . . . . .  
pound-foot . . . . . .  
pound-inch . . . . . .  
pounds p e r  cub ic  f o o t  . 
pounds pe r  square  f o o t  
pounds p e r  square  inch 
power f a c t o r  . . . . .  

. . . . . . . . . . .  ppm . . . . . . . . . . . .  pk . . . . . . . . . . . .  d . . . . . . . . . . . .  dwt . . . . . . . . . . . .  p t  . . . . . . . . . . . .  l b  . . . . . . . . . .  l b - f t  . . . . . . . . . .  lb-in.  . . . . . . .  l b  pe r  cu f t  . . . . . . . . . . . .  psf  . . . . . . . . . . .  p s i  . . . . .  s p e l l  o u t  o r  pf 

q u a r t : . . . . . . . . . . . . . . . . . . .  q t  

. . . . . . . . . . .  r e v o l u t i o n s  pe r  minute rpm . . . . . . . . . . .  r e v o l u t i o n s  pe r  second r p s  
rod . . . . . . . . . . . . . . . . .  s p e l l o u t  

. . . . . . . . . . . . . .  s h a f t  horsepower shp 
s i n e  . . . . . . . . . . . . . . . . . . . .  s i n  
s p e c i f i c - g r a v i t y  . . . . . . . . , . . . .  up g r  
s q u a r e  . . . . . . . . . . . . . . . . . . . .  s q  
square  c e n t i m e t e r  . . . . . . . . . .  s q  cm o r  cm2 
square  f o o t  . . . . . . . . . . . . . . . .  s q  f t  
square  i n c h  . . . . . . . . . . . . . . . .  sq  i n .  
s q u a r e  k i l o m e t e r  . . . . . . . . .  s q  km or  km2 
square  meter  . . . . . . . . . . . . .  sq  rn o r  m* 
square  roo t  o f  mean square  . . . . . . . . .  nns 
s t a n d a r d  . . . . . . . . . . . . . . . . . .  s t d  

t angen t  . . . . . .  
temperature  . . . . .  
t e n s i l e  s t r e n g t h  . . 
thousand . . . . . .  
thousand foot-pounds 

. . .  thousand pound 
ton . . . . . . . . .  
ton-mile . . . . . .  

. . .  t a n  . . .  temp . . . .  ts . . . .  M 

. . k i p - f t  

. . .  k i p  
s p e l l  o u t  
s p e l l  o u t  

ve r sed  s i n e  . . . . . . . . . . . . . . . . .  v e r s  
v o l t  . . . . . . . . . . . . . . . . . . . . .  V 

volt-ampere . . . . . . . . . . . . . . . . . .  v a  



w a t t  . . . . . . . . . . . . . . . . . . . . .  w 
w a t t h o u r  . . . . . . . . . . . . . . . . . .  w h r  . . . . . . . . . . . . . .  w a t t s  per c a n d l e  wpc 
week . . . . . . . . . . . . . . . . .  spellout . . . . . . . . . . . . . . . . . . . .  w e i g h t  w t  

yard . . . . . . . . . . . . . . . . . . . . .  yd 
y e a r  . . . . . . . . . . . . . . . . . . . . .  y r  



A USA Standard is a specification for . .  

portland cement 
wrought-iron pipe 
electrical wire and cable 
mica 
lampblack 

and hundreds of other materials and products. 

More than 3000 USA Standards exist, affecting 
practically all sectors of the American economy 
- manufacturers, distributors, sellers, consum- 
ers, users, insurance companies, safety organi- 
zations, employers and employees, federal. 
state, and kocal governments, and many others. 

(A complete index and price list of USA Stan- 
dards can be obtained from the USA Standards 
Institute. 10 East 40th Stieet, New York, N. Y. 
10016.) 

STANDARDS INSTITUTE 

Standard ? A USA Standard is a voluntary national stan- 
dard, arrived at by common consent, and avail- 
able for voluntary use. 

the A USA Standard can be developed under the 
auspices of the USA Standards Institute. In such 
case, every group substantially concerned with 
the proposed standard has the right to par- 
ticipate in its development and be heard on 
every detail of its scope and provisions and to 
cast a ballot of approval or disapproval. 

USA 
Standards Trade associations and professional societies 

which have developed their own standards can 
submit these to the Institute for approval as 
USA Standards. Institute? 
Approval of a standard as a USA Standard- 
no matter how or where developed - is given 
only if two basic requirements are fulfilled: 

1. The standard must be accepted by a con- 
sensus of all national groups substantially 
concerned with its scope and provisions. USA For furthec information and literature write to: 

2. It must be of interest to more than one 
organization or group. 

USA STANDARDS INSTITUTE 
10 East 401h St., N e w  York. N.Y. 10018  883-3058 Standard ? 

A USA Standard is reviewed at regular inter- 
vals, as a result o f  which it may be either re- 
affirmed, revised, or withdrawn. Permission t o  reprint  t h i s  l e a f l e t  was gruciousty given by the 

United States of  America Standards Ins t i tu te .  



WHAT IS A STANDARD? 

The Inch is a standard of measurement. 

Money IS a standard of exchange. 

Words are standards of communication. 

Traffic lights are safety standards. 

Octane numbers of gasoline are quality 
standards. 

"No more than 1% shrinkage" is a pertor- 
mance standard. 

A housewife's recipe is a production standard. 

Standards insure that a fining flts the pipe, that 
a lamp screws into a socket, and that the bolt 
matches the nut. A standard specifies the exact 
composition of a particular grade of steel or the 
safety requirements for portable ladders. A 
standard establishes uniform test methods for 
the washability of a woman's slip or for the 
tensrle strength of hydraulic cement. Standard 
interchangeable component parts are the basis 
of all mass production. . - 

h) Arts, crafts, science, engineerinp, and produc- 
tion -cn fact, the entire fabrrc of a civilization -. 
cannot exfst wrthout standards. 

How Do We Get Stnn&rds7 

Until the time of the industr~al revolution. most 
standards, from the shape of a mason's trowel 
to the form and size of our tableware, came 
about by a slow process of evolution. What 
after many years of custom and experience was 
found to be the most practical in use became a 
standard. When the standard was no longer 
practical, it changed or fell into disuse. 

Aher James Watt had invented the steam en- 
gine, however, industrial progress became so 
fast that the slow evolutionary process of de- 
veloplng the most practical and economical 
standard fell. behind. 

So in the 19th century, manufacturers, trade 
associations, professional societies, govern- 
ment departments, and others began to make 
planned efforts to speed up the standard- 
making process. The 20th century has seen 
many thousands of individual companies and 
' .lndreds of trade and professional organiza- 

tions participate in standards making. Through 
an exchange of informalion and by vduntary 
agreement they formulated slanderds-for use 
within a conpany, within a trade, among dil- 
lerent industries and trades, for an entlre nation, 
or for international use. 

WHAT IS THE USA 
STANDARDS INSTITUTE? 
Durinp World War I, to avoid duplication and 
waste in war production, eHorts were made to 
coordinate some of the .standards activities 
carried on separately by differenl engineering 
branches. 

As a result. a forerunner of the present USA 
Slandards Institute -the American Engineering 
Standards Committee- was founded in 1918 
by five leading engineering socielies. 

Expansion of the work of the AESC led to its 
reorganization in 1928 and to the birth of the 
American Standards Association. In 1966 ASA 
became the United States of America Standards 
Institute. This action was part of the continuing 
process of improving the voluntary standardira- 
t ~ o n  system.and making it fully responsive to 
the needs of the economy. 

USASl is a federation of 150 trade associations 
and professional societies. It has more lhan 
800 company members 

The main funct~ons of the lnstitute are: 

1. To provide systematic means for the de- 
velopment of USA Standards 

2. To promote the development and use of 
national standards in the United Slates 

3. To approve standards as USA Standards 
provided they are accepted by a con- 
sensus of all national groups substantially 
concerned with their scope and provisions 

4. To coordinate standardization activities in 
the Unrted Slates 

5. To serve as a clearinghouse for informa- 
tion on American and foreign standards 

6. To represent American interests in inter- 
national standardization work 

Development and use of USA Standards are 
voluntary. So is tb Yanclal support of .USASI. 

Its income is derived mainly from membership 
lees and the sale of USA Standards. However. 
USASl's facilities are available to all -members 
and non-members alike. 

Inlernrtlonrl Work 

U.S. interests in international standards work 
are represented through USASI, the recognized 
channel through which American industry and 
other groups can participate on international 
standards projects. USASl accredits delegates 
to international meetings, notably those of the 

lnternational Organization for Standardization 
(IS01 

International Electrotechnical Commission 
(IECI 

Pan American Standards Commissioq 
(COPANT) 

"ABC" Conference on Unification of Engi- 
neering Standards (participating countries 
America. Brltain, Canada) 

The Standards Institute is a source of informa- 
tion On foreign standardizalion work, and, as an 
aid to foreign trade, it promotes knowledge of 
USA Standards in forelgn countries. 

WHAT IS A USA STANDARD? 
A USA Standard is a standard approved by the 
USA Standards Institute. Because USASl's pro- 
cedures Are based upon a consensus of all 
parlies substanlially concerned, a USA Stan- 
dard is accepted as the one national authori- 
talivestandard in its immediate field of appiica- 
tion. 

A USA Standard is. . . 
a dictionary for nuclear terms 
a manual for engineering drawings 
the National Electrical Code 
the photographic speed andexposure index 
the safety requirements for elevators 
the test methods for textile fabrics. 

A USA Standard covers.. . 
safety glass in American automobiles 
gas ranges in American homes 
floor space of American ofiices 
lighting ~n American plants 
the road and paving materials used On 
American highways. 



Your 

Mistakes 

ROBERT W. RICHARDS 
Howud, Needles, Tamrnen h Bergendoff 

WHEN HE WAS chuirnun of tbs board of U. S. 
Steel. Judge Elbert H. Gary said, 
"All men who do things make an 
nccasional mistake. The only pm- 

ple who do not mike mistakes are people who never 
do anything . . . the man who profits by his mistakes 
rises highest on the ladder called 'success'.' 

Scott B. Ljlly, an emimnt educator a d  former 
chairman of the mginan'ng division. at SwarthmoTe 
College, counselmi his students and younger faculh 
collugucs with an a&ptatim of Judge Gary's logic. 
"All engineers make mistaka,' he wculd say. 'but 
the differmce between a gnod enginm and a bad 
enginem is that a good engineer finds m a t  of his 
own mistakes.' To Profasor Lilly, a mistake was 
not rvidence of failnre hut an opportunity to find 
the truth. His udmonitinru inspired all with whom 
he dcalt to minimi- mistnkes. 

I f  an engineering student moka a mistake in 
solving ;I ptohlem. the cnnwqi~enm is a lmvrr mark 

on the aaminrtion and pmribly a 1- grade for 
the m u .  Practicing engineers. however, have 
much more at stake. Of greatest u the 
pouibility of mdangering the public. There m. 
a11 too frequently, collapses of building. bridges, 
ur dams u h e  result of engineering m o m  Un- 
known to the public arc the cou~~tlesa enginaxing 
mistakes that are detected and cunectai during 
daign or corutruction. Sometimes thae erron u e  
tlisawered only nftrr some prelirninzry p h p i a l  
failure or partial collapse. Sometima construct~on 
workers are killrd, and even where there IS no I o s  
of life, the cmmmic loss resulting from tng in ta -  
ing errors is frequently signifjcant and sometima 
.rtaggaing. 

Recause most cnnwlting rnginecrs practice as 
individuals or as partncmhip. they are penocllUy 
liable when they err. Many engineen and their 
firms have sought to protect themselves ngainrt 
suit l a  eenon and omissions through prolessional 
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