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Introduction.

Alignment charts or nomograms afford a ready means of
diagramatically expressing many of the formule connected with
engineering problems. Their advantage lies in clearness of read-
ing and ease of construction as compared with charts pletted
from rectangular co-ordinates, and it is here proposed to show,
without going into their mathematical theory beyond indi-
cating the general principle, how some of the more simple can
be constructed. '

If any base as 4 B is taken and parallel lines are drawn
through each end, then a straight line, such as DD E, passing

Fi -~

A

through a point C in the base, cuts the parallel straight lines in
such a way that

4D AC
BE  CB
and, obviously, if scales with the same unit are plotted along

the lines 4 D and B E, with zeros at 4 and B, and the

point C is selected to give a required ratio m, then
A D=mBE.
The base .4 B can be scaled for various values of m, and

the simplest form of Z chart is thus obtained, connecting three
variables 4 D, m, and B E by means of a straight line, usually -

_ known as a tl‘ansverSa], across the three 5¢;El|es,
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If different scale units are used for 4 D and BE the
position of C is affected accordingly. The introduction of con.
stants in_the equation has a similar effect to a change in the scale
units.

Again, if through C aline C G is drawn parallel to 4 D
and through G a line F' H parallel to D E, then

CG=AF-AD
= A4F-mBE
bt EH=CG

therefore CG (1 + m)=AF + m BH.

If m is a constant, then the scales for 4 F, CGand B H
represent three variables. In the simplest case, where m=1 §

2CG=AF+ BH,

and for direct reading the scale unit for C G would have to be

half that adopted for 4 Fand B H.

The scale units obviously affect each other and the  relative *
spacing of the parallel lines, In practice they are selected to |
suit the range of readings required, and their relative values
and the spacing of the lines can be determined graphically,

The two diagrams for the equations,
Q=kd®
V=VIV.x84d
illustrate the Z form of chart.

Chart for Distributary Discharges.
The equation

- v B

| Q=khd"
will give the discharge of a canal distributary in cusecs within ¥
the working range as usually required for a discharge table, pro-
vided that the channel is of the normal type in earth, with side
slopes of about % to 1, as can be checked easily from discharge §
diagrams such as those of Kennedy. The value of k& is ob-
tained from a single, or averaged from several observations.
On the diagram, the diagonal * connects the zeros of the two 3
parallel side scales, for which inches and tenths have been used -
in plotting. The scale for d has been obtained from the ¢
intersection of lines connecting a selected value of % and corres-
ponding:calculated values of Q for the depth desired, thus for T
three feet depth, connect & = 10 with Q = 62'4, e

N
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~ From the equation it is‘obvious that the scale readinzs of
both Q and k can be multiplied by the same factor. This
property may be taken advantage of to avoid acute intersections
of the transversal with the scale for d, and to obtain values
which would otherwise be off the side scales.

The advantages of this diagram will be very obvious to
those who are constantly preparing and checking discharge tables
of distributaries.

Chart for Kennedy’s Critical Velocity Ratios

The second nomogram gives . corresponding values of
Kennedy's critical velocity ratio, the mean velocity and the
depth of flow in a channel. The units for the side scales have
been selected, keeping in view that the scales should be open,

that the usual range VL:; is from 06 to 1°4, and that the velocity

will rarely be over four feet per second. Outside values can
be obtained by using a suitable factor for the side scale readings.
The scale for d is divided as explained in the previous case, the

values of V' being calculated far—p% =1 and depths required.

Nomogram for Weir Discharges.
The formula used for this chart

Q =% c(d-l-' 5—).{:\,'/-2?;;‘?"‘3}

contains five variables, and In the first instance, in order to
reduce these to three, the constant C has been taken as 0°7,
and the length of the crest L as one foot.

To put the equation in the form suitable for parallel scales
logarithims are taken, giving

log Q = log [s c\2 ( d +%) ]+ ! log (d—e).

Logarithmic scales for the two side variables d -+ % and

d—e are first plotted, the units being selected to give the required
range of values. For the central scale, for Q, two pairs of

values of d -+ —%e and d— are calculated for the same discharge,

sdy ten cusecs. | he point of intersection of the transversals of
the above pairs of values gives both the position of the scale
for Q relative to the side scales, and the scale point for the
discharge adopted. The scale point for a second discharge, say




104 Adlignment Clurs.

ty cusecs, is similarly found. The positions of two scald
readings being known, the remainder are obtained by  drawing {
logarithmic scale in proportion.
Any change in the constants in the equation alters thel
positions of the scales relatively to each other.  This property ishyisi
used to provide a supplementary scale to correct the discharge
per foot run to suit co-efficients other than 0°7.  The procedure}
is similar to a calculation with a slide rule, the difference be.-!

added to or deducted from the discharge reading as first found. §
These differences could equally well be measured off the scalc
on which they are to be used, the scale units being necessarily
the same.

The discharge per foot run being known, two more scales
are required to give the total discharge and length of crest, The
procedure is as with the first three scales, the central scale being |
obtained with the aid of the two dependent on it, which are
first completed.

Logarithmic scales have two advantages in that the per-
centage of error in reading is constant, and that the scale repeats
itself along its own line, so that extension, if required, is easily
made by measurement, '

Chart for Retaining Walls.

As in a nomogram three variables are dealt with at a time,
the complete solution of a problem may have to be divided into
steps. [hus, using Rankine’s method to obtain the dimensions
of a retaining wall, those for a vertical wall are first found, and
then modified to suit the required top or bottom width. In the
diagram herewith, to avoid additional scales, the face batter has
not been dealt with.

For a wall with vertical sides Rankine’s equation reducesto §

( Ef._).l" == tan?(45 _— g)

! " . ) .
and B being fmn_l&, the relation to other sections with _I_Jauk_ batter &

is given by the equation

2 a 2 .
r_(i__fl )= ly — 1

the notation being as given on the chart.

These equations contain both products and sums of var- _'::
ables, and the Z and parallel scale charts have to be combined: 3
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The Z type is first used to obtain —;} for a vertical wall,

2
Parallel scales are drawn for tang(*‘ﬁ—h% ) and. (—;]) ' the

divisions being numbered to give the corresponding values of the

t . . . .
angle or --. As in the previous examples, the diagonal scale points

h

may be found by connecting corresponding values of ui and a.

The diagram will now give the ratios of width to height
for vertical walls, and it remains to find equivalent top and bot-
tom widths for a back batter.

At equal distances from and parallel to the scale for %, are

arawn the scales foy ! ::Imci the line 4. The latter if scale
2
would give (;)L Gf) and the unit for both it and scale

;11 is twice that adopted for scale ;. To multiply the values of
)

0N [i\?
(E) o (f,l) on scale 4 by rthe Z chart 4 B is drawn.

The units for scales 4 and B being the same, the division for
r==| is at the middle point of the diagonal and the remaining
scale points are readily found by calculation from temporary
scales on 4 and B. The scale reading on B would give

BNl i T NP NP
() — () whis=r ) =) )
ER £\ ' :
The value (h) — (;1) 1s transferred on to the A4 line

by a line through r=10. The object of this Is to use scales
already drawn instead of adding new ones. A transversal from

“he point thus found on the 4 line to f-f:as already selected gives

he value of ts ot scale,

h h
The saving of labour afforded by the diagram compared with
the usual graphical and other methods of calculation for retaining
walls, is obvious, while the restrictions of tables made out to su
certain given conditions of angle of repose and weights of



106 Alignment Charts.

= S — — e em — e —

materials are avoided. The effect of face batter is such that the
stability of a wall designed for a vertical face by using the
nemogram, will be improved by that batter up to the point where
the set back of the top of the wali from the vertical is not
greater than half the base width, provided of course that the back
Latter is not so great that no top width is left to the wall. ~Any
normal face batter.being thus on the side of safety, and in view
of the uncertainty of the actual angle of repose, it is questionable
whether there is .much advantage in complicating the diagram
with additional scales for an exact solution with face batter,

Nomograms for Discharges of Orifices.
The fundamental formula for the discharge of canal outlets is

Q=54 h .

This contains three variables and could be expressed by either
the Z or parallel scale type of chart. The latter in this case has
certain advantages and has been adopted, the equation being put

“into the form :

log Q=log 5 A+ ! log h.

The three main scales for area, head, and discharge, are first
constructed in the manner explained for the chart for weir dis-
charges. The scale of area is also marked, to give the positions
of standard areas of outlets and circular pipes.

As thus made, the nomogram gives solutions of the equation
corresponding to a co-efficient of 0'623 only. To modify the
discharge or area to suit other co-efficients, a scale for the latter
has been added, together with the parallel lines M and /V, usually
called supports, on which the transversal for the co-efficients
must intersect. The procedure for diflerent co-efficients is ex-
plained on the chart. The nomogram now gives solutions cf the
equations which can be corrected to suit a selected co-efficient.

For irrigation purposes, where outlets vary within limited
ranges of size and length, it is more convenient to obtain the dis-
charge or area required by a direct reading, rather than by two
steps which may involve trial and error. This result is obtained
by adding supplementary scales for each standard outlet. These
scales are divided to correspond to the co-efficients for the
lengths for which they are marked, and the correction for the
position of the outlet on the main scale corresponds to the
difference, between the scale length for the co-efficient for the
length of outlet adopted and 0623, for which the main scale
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of areas has been drawn. Conversely, if the outlet position on
the standard scale of area is projected vertically on to its supple-
mentary scale, it will give the length of that outlet having a
co-efficient’ of 0'623. The unit for the scale for co-efficients

‘used for the suPplementary scales is that used for the main scale

of areas.

As there is some uncertainty as to co-efficients, a second
set for iron pipes have been calculated. Here, instead of using
parallel supplementary scales for projection, the corrected
positions, to suit certain lengths of pipe, have been indicated
directly on the main scale of areas by dotted lines.

The chart, which was specially constructed for canal
outlets; using such data as were available, shows the amount
of information which can be given by this type of diagram,

These examples may convey sufficient information for the
construction of similar nomograms, but those, who wish for
further details, should consult * The Construction of Graphical
Charts " by J. B. Peddle, while the * Traité de Nomographie™
by M. d'Ocagne deals still more fully with the subject
which is one which deserves to be more familiarly known

than it appears to be at present
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DIAGRAM FOR KENMEDYS CRITICAL

b WELOCITY RATIO
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ExXPLANATION
To obtuin crdical velocily ratio tuke line
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