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EXPANSION OF PIPES.
By RaLpH C. TAGGART, Assoc. M. Am. Soc. C. E.

WiTH DISCcUSSION BY MESSRS. WILLIAM D. ENNIS, WILLIAM KENT,
AND RALPH C. TAGGART.

In the arrangement of steam piping (or other piping, the tempera-
ture of which is subject to considerable change), proper allowance must
be made for expansion. Where the change in temperature, and hence
the amount of expansion, is small, the stress may come well within the
elastic limit of the metal. In such cases, of course, special arrangements
to care for the expansion may not be required.

The calculation to determine the allowable stress in pipe may be
readily made. In the case of ordinary iron pipe, we have the following:

The modulus of elasticity of wrought iron, or the stress divided by
the strain, equals 29 000 000.

The coefficient of expansion of wrought iron, or the increase in
length per degree Fahrenheit per unit length, is 0.00000673.

The stress per degree Fahrenheit, therefore, would be 29000 000
times 0.00000673, which is equal to 195.2 lb. per sq. in. per degree
Fahrenheit difference in temperature. For a change in temperature of
100° Fahr., the stress would become 19 520 lb. per sq. in., which is more
than the safe working stress in the iron, especially when it is considered
that the stress would be largely increased at the various screw joints,
where the thickness of the pipe is reduced by the depth of the thread.

For ordinary steam apparatus the change in temperature is at least
150° Fahr., so that it becomes impossible for the elasticity of the metal
to care for the expansion, even if the piping is very securely tied down.
For, when the elastic limit of the metal is reached, a permanent set
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will result, and if this change in the form of the piping is repeated, a
rupture may be expected.

In steam piping, expansion is cared for by two general methods:
First, by the use of so-called expansion joints; and second, by the ar-
rangement of the piping, so that the expansion is cared for by the spring
of the piping itself.

In apparatus where the straight runs of pipe have not been too
long, the second method has been used almost exclusively, although the
allowance for expansion has usually been one of judgment or guesswork,
and not a matter of calculation.

Where the expansion has been considerable at any one place, it
has been common practice for the designing engineer to resort to the
use of so-called expansion joints. There are numerous types of these
joints, and although many of them have merit, the writer believes that,
for many purposes, there are objections to all types. One of the best-
known types is made with one metal cylinder sliding or slipping within
another. There is, ordinarily, a packed gland or stuffing-box to prevent
leakage. An expansion joint of this type should always be anchored,
and the pipe which moves within it should also be anchored at a point
some distance from it—the distance being determined by the amount
of expansion which this particular joint should care for. If the pipe
and expansion joint are not thus anchored, the movement of the pipe
and the thrust of the steam pressure may carry the inner cylinder of
the expansion joint entirely away from the outer cylinder in which it
moves. This type requires more or less packing, and although this may
not be an important item if only a few expansion joints are used, and if
they can be gotten at readily, nevertheless it becomes very important
where an engineer has to look after a number of these joints, or where
they cannot be reached with the greatest ease.

In a second type of expansion joint, a circular metal disk is fixed
at its outer circumference and attached to the expanding pipe near its
center. The expansion is taken care of by the spring in the metal disk,
and, for this reason, the amount is usually quite small.

A third type of expansion joint is made up of what may be de-
scribed as a copper pipe with deep corrugations, reinforced with steel
rings. Under certain conditions this joint has been very unsatisfactory.
Where it has been subjected to varying temperatures, as, for example,
in a heating apparatus where the steam pressure is more or less inter-
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mittent, the movement in the copper has resulted in breaking at the
corrugations. It is claimed, however, that some good results have been
obtained where the steam pressure was not very high, and where the
pressure and temperature have been very constant.

Some authorities have suggested the use of fittings arranged so that
the expansion will be cared for by the twisting of the pipe within the
thread of the fitting. This has been done in some cases in low-pressure
work, but a little thought or experience will convince one that it is not
a method to be relied on, for as soon as the slightest actual twist occurs
within the fitting, the pipe becomes loose, and the joint formed by any
white lead or varnish is broken. This destroys the effect of the white
lead or varnish, and the difficulty of making an ordinary pipe joint tight
without some such cement is well known. In many cases, where it is
thought that the expansion is cared for by a twisting in a fitting, a
careful examination will show that it is really cared for entirely by the
spring of the pipe, and it may be set down as a safe rule that, if there is
actually a twist in the pipe-thread, due to expansion, there will almost
surely be a leak, even where the pressures are low.

It may be interesting, here, to mention what is known as water
packing. A so-called steam-tight joint is sometimes made where one
piece of metal slips within another, a few circular rings or grooves being
cut in one of the cylinders. The fit, of course, must be very good, and
the idea is that the condensed steam in the rings or grooves forms a
sort of packing. This arrangement is used with engine indicators and
with some reducing-pressure valves of the piston type, where a steam-
tight joint is desired and where one cylinder must slip within the other.
The success of the joint depends on two things: First, and principally,
on very accurate workmanship; and second, on the fact that if a very
little steam passes through the joint, any part of it which is condensed
will evaporate immediately and pass away unnoticed. This is very soon
proven, if the discharge from a reducing-pressure valve of this type is
closed, and the line leading to it fills with water, when it will be seen
that water is leaking from the joint. This is one reason for the old
saying that it is easier to make a joint steam-tight than water-tight.

The most common way in which expansion is cared for in steam
piping is by the spring or bending of the pipes, where a change in di-
rection occurs, and, on the whole, this method is the most satisfactory.
The allowance to be made for expansion, or the length of the spring
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pieces, however, is usually guessed at, or is determined by experience,
rather than by accurate calculation.

Some years ago, the writer made calculations of the lengths of
spring pieces for a large underground installation, and, from these
calculations, he made a number of diagrams, which he has used to
a considerable extent since that time. More recently, however, the
original calculations have been
somewhat extended, and this pa-
per contains the resulting dia- 4 L >
grams and curves, both new and
old, together with a short expla-

nation of their derivation and use. _(i

It is believed that they will be of I f‘-;;

value to designing engineers and g8
a2

others. M

Fig. 1 represents two lengths . l
of pipe, [y and [, connected by - a7
a 90° elbow. The lengths, I; and Z Secondary

E !
Iy, are supposed to represent the xpansion ()

distances from the elbow to the

points at which the pipe is held

in line, or at which the pipe, if

horizontal or vertical before expansion, must remain horizontal or ver-
tical after expansion. It will be assumed that the principal expansion
acts in a direction at right angles to [; and that the secondary or smaller
relative expansion, if any, acts at right angles to . Consider, first, a
condition in which the secondary expansion is zero. The expansion is
then at right angles to [; and while the spring in the length of pipe, [y
must care largely for the expansion, the length, l5, is also a determining
factor. If I3 becomes zero, or if the pipe at both ends of the length, [;
is held horizontally, it is easy to determine the length of /; required for
any given expansion, when the size of the pipe is known.

Fic. 1.

Under these conditions the formula may be worked out, and will be
found to be as follows:

~ 87000000 Dr
B f

where the modulus of elasticity is taken as that of wrought iron or steel,

1,2

(1)
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viz., 29 000 000.

Where [y = the length of pipe under strain, in inches;
r = the expansion, in inches, at right angles to the length
of pipe, [y;
D = the outside diameter of pipe, in inches; and,

f = the maximum fiber stress, in pounds per square inch.

This does not allow for the weakening of the pipe at the fitting.

In the case under consideration, the maximum strain occurs at both
ends of the length, [; of the pipe, and therefore the lessening in strength
at the elbow or fitting should be considered, and allowance made there-
for. For example, if the pipe is weaker than the fitting at this point,
and if the pipe-threads cut into or reduce the effective section of the
pipe to two-thirds of its normal section, the strain calculated should
be reduced to two-thirds. The same result is accomplished by calcu-
lating for the usual strain, with an increase in expansion to one and
one-half, for the reason that the maximum fiber stress varies directly
as the expansion.

In this connection it is useful to note the following relations which

87000000 D
hold true in the equation, [;* = —T, and also, in general, in

other similar equations which will be developed later.

Other quantities remaining constant (f varies directly as r), or for
a fixed length and size of pipe, the maximum fiber stress varies directly
as the amount of expansion.

Other quantities remaining constant (f varies directly as D), or for
a fixed length and expansion of pipe, the maximum fiber stress varies
directly as the diameter of the pipe.

Other quantities remaining constant (r varies inversely as D), or for
a fixed length and maximum fiber stress, the expansion varies inversely
as the outside pipe diameter.

Other quantities remaining constant (f varies inversely as [?), or for
a fixed pipe diameter and expansion, the maximum fiber stress varies
inversely as the square of the length.

Other quantities remaining constant (r varies directly as {?), or for
a fixed pipe diameter and maximum fiber stress, the expansion varies
directly as the square of the length.
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If the length, [y, is to be considered, as well as the length, [;, the
solution of the problem becomes much more complex, but it can be
worked out in a manner similar to the solution of the problem of a
continuous girder. The solution is given in the following discussion.

Consider first a pipe with two lengths, [; and [y, at right angles,
joined together with an elbow at a. The lengths, ac and ad, or [; and [,
are supposed to represent the distances from the elbow to the points at
which the pipes pass through walls or are otherwise held at all times in
line. Consider now that an expansion occurs in the pipes, with a slight

Fic. 2.

movement, if necessary, through the two restraining walls, so that the
pipes assume the new position, c-b-d. We will assume the principal
expansion to be at right angles to l;, or in the direction, [, and the
secondary or smaller relative expansion will be at right angles to [, or
in the direction, [;. The secondary expansion need not necessarily be
less i;l quantity than the principal expansion, but it is usually less than
<2> times the principal expansion. The reason for this will become

1
more apparent as the discussion proceeds, but, of course, it is due to the

fact that the expansion largely cared for by [ is that at right angles
to [; and, similarly, the expansion largely cared for by [y is that at
right angles to [, and also because the expansion possible varies as the
square of the length of pipe under strain.
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Now consider the length, b-d, swung through 90°, with the point,
b, as a center. It will assume the new position, b-e. This will change
in no way the conditions of stress, if the elbow is considered as a part
of the pipe, and it will give an arrangement to which the formula for
continuous girders can easily be applied. The walls at ¢ and e are
points of support, and the pipes may be considered as horizontal at
these points.

The unknown load, P, will act at b. The difference in elevation
between ¢ and b, will be called r, and the difference in elevation between
b and e, will be called s. The principal expansion is then equal to r,
and the secondary expansion to s. The total horizontal length between
c and e will also be considered as [y + [5. It is, in fact, practically
[y + ls + s, but since s is ordinarily a negligible quantity, as compared
with [; and lo, it will be neglected in this connection, although it may
be considered in any special case, if desired.

-1 In

n—1

Fic. 3.

The three-moment equation for continuous girders, with not more
than one concentrated load on each span, may be written:

M, ln—1 ln | Ppan,, o 2
5 ln lnf Mnf S Mn S 47 ln - Un
3 ( + 1) + 1 6 + +1 6 + 6l ( a )
P,_ia,_
ﬁ(ﬁﬂ - @2—1)
Y,u-Y, Y,..1-Y,
_ E[( * 1[ + ll : ) (2)

M, _1 = moment at support, n — 1;
M,, = moment at support, n;

M,,+1 = moment at support, n + 1;
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P,_1 = concentrated load on span, l,,_1;
P,, = concentrated load on span, l,,;
l,—1 = distance between supports, n — 1 and n;
[, = distance between supports, n and n + 1;
X, = distance from origin to point of application of Pp;
X, _1 = distance from origin to point of application of P, _1;
Gy = l, — Xp;
ap1 = lp—1 — Xn_1;
FE = modulus of elasticity;
I = moment of inertia of section;

Y11, Yy, and Y, 1 = ordinates of points of support, n + 1, n, and n — 1.

In this case first assume, as in Fig. 4, that n is at c and n + 1 at e,
noting that the origin is at n.

l,—1 and [,, .1 will then equal zero.

Let h equal the difference in elevation between ¢ and e or (r — s).

In all cases the moment at ¢ will be called M;, and the moment at
e, My. Then, from Equation 2:

h

R R R e S
» § . .
e, Qa, Z ,/// T é
n nt1 ™ o 4
Fic. 4. Fic. 5.

If we now assume, as in Fig. 5, that n — 1 is at ¢ and n at e, noting
again that the origin is at n, we will have, from Equation 2:

@, - =81 @

n
ln—l

M2ln—1 + Mlln—l Pn—lan—l
3 6 60,1
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Substituting, in Equation 4, the values used in Equation 3 for [,,_1;
P, 1; an_q; viz., l,; Py l,, — a,, we have:

Myl, M,  Puan . , h
9.2 _ 3q. ] )
3 6 6L (2™ = Banty + an”) A (5)

If we make L equal to [,,; P equal to P,; and A equal to a,, Equa-
tions 3 and 5 will then reduce to

PA h

2M, L + MyL + T<L2 — A?) = —6EI+ (6)
PA

ML+ 2M,L + T(2L2 —3AL + A?) = 6E]Z. (7)

Whence, by multiplying Equation 6 by 2 and subtracting Equa-
tion 7:

3ML + &(ﬁ — A?) — P;l(2L2 —3AL + A?) = —18E[}Ll
. ho PANL— A)

In a similar manner, by multiplying Equation 7 by 2 and subtracting
Equation 6:

2PA PA
3MyL + ==~ (2L — 3AL + A*) — —/—(L* — A?) = 18E1ﬁ
L L L
o L PA
M, = 6BT— — ﬁ(L — A% (9)

Then Equations 8 and 9 give the moments at the two points of
support.

The shear just at the right of the support at ¢, may be expressed
as follows:

My — M, + PA
po 2T A (10)
L
Substituting the values of M; and M, as shown in Equations 8 and
9,
1 h PA 9 h  PA*L - A)
F_L<6EIL2—L2 (L—A) HOBl g+ + PA
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or

h  PA?

F=12F1I I3 + iE

The three-moment Equation 2 is derived fundamentally from two
equations (Figs. 3 and 4), namely,

(3L — 24). (11)

When X <X,; M=M,+F,X. (12)
When X>Xp M=M,+F,X—P,(X—X,). (13)

When M equals the moment at any point, F),, equals the shear at
the right of the support, n.
d>y M d*y
Si —=—; M=-—=FI.
e dxX2 ~ EI’ X2
Substituting this value in Equations 12 and 13, integrating and
determining constants, we will have:
Where «; equals slope distance, X, to right of origin, «a, equals
value of a; when X equals 0.

dy X?
For X< X,; FlI-—- =Fltana, + M, X + F,— (14)
dX 2
d
X > X, Eld—)y( — Eltan o, + M, X
X? P, (X - X,)?
P 15
+F 5 (15)
Integrating again, and determining constants, we have:
X? X3
For X < X,; FEly=FIXtan o, + Mn7 + Fn? (16)
X2

X >X,; FEly=FIXtan o, + Mn7

X? P(X-X,)?
L X PX-X)
6 6
If we now give X the value X,,, and Y the value —r, in either
Equations 16 or 17 (wiz., substitute the value of X and Y at the point
of application of P), we will have:

With tan. o, =0

(17)

X,? X2
—Elr=M,—> +F,~ 2.
2 6

(18)
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In this equation make M,, equal to the value of M; in Equation §;
make F), equal to the value of I’ in Equation 11, and substitute for X,,
the value L — A. We will then have:

b PAXL - A)\ (L— A)?
ho PA? (L— A
+ luEng + 5 (8L - 2A)] = (1)

or simplifying,

PA3 EIh
Elr= " (L— A)?®+ 1 (

373 L? — 3A%L + 2A%). (20)

This gives the following value for P:

 3L3EIr — 3ETh(L? — 3A°L + 24°)

P A3(L — A)3 ‘

(21)

The bending moment will be a maximum at the wall, ¢, where the
bending moment is M;, therefore,

fI

ELEp VS (22)
D

Substituting the value of M; from Equation 8:

f1 h  PA2(L— A)
From which: )
L fI
- I _6em
p— 20 (24)
A2(L—A)

Equating the values of P, as found in Equations 21 and 24, we have:

L2fl
— =1 _6EIh
3L3EIr — 3EIh(L? — 3A2L + 2A%) D

A3(L — A)3 T AL -A) (25)
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Simplifying
2fA , 3Eh ,
8Er = S (L— AP = (L - A) (26)
 2fA(L-A)? h 9

If we make kL = X,, and L — kL = A, then A = (1 — k)L and,
substituting in Equation 27, we have:
2f(1 — k)L2k?

_ 2
r= SDE + hk”. (28)

If we substitute the value (r — s) for h, we will have:

r:'ﬁfﬁggﬂyw+%r—sm2 (29)

or

2f(1 — k)L2k?

1 — 2 2 —
r(l — k%) + sk SDE (30)
Or since Lk = [
k2 —2f1,2
1 = . 1
7( +k)+81—k SDE (31)
Where r = principal expansion, in inches;
s = secondary expansion, in inches;
l Iy
k= —);
el O p)
L =1, + Iy (all in inches);
f = maximum fiber stress (pounds per square inch);
D = outside diameter of pipe, in inches; and,
E = modulus of elasticity.
If s equals 0, that is, if the secondary expansion is zero, then:
21,
r(1+k) = L/ (32)

" 3DE’
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Ifk=11,=0 and r = Iy
=L =V anar = 3DE’OI‘
, —3DEr _ —87000000 Dr

L* =

= 33
which is the same as Equation 1.

This is the condition of a beam, both ends of which are held hori-
zontal while one end is forced to a lower level than the other.

If, on the other hand, s equals zero and k approaches zero (which

shows that [y becomes very long as compared with I;) then r approaches
21,° f
a value —

, and would become equal to it in the limit. This is, of

course, the condition of a beam fixed at one end and free at the other.
In this case the length, I, would act as if it (the pipe) were cut off at
the elbow. It should be noted that the value of r, when k equals zero,
or [y equals infinity, is twice that when k equals 1, or [, equals zero.

From Equation 31 certain curves have been worked out, which can
be used when it is not desired to solve the equation for each independent
case. The method of using these curves will be shown for a number of
cases.

The curves, Figs. 6 to 22, are calculated (for wrought-iron or steel
pipe), for a fixed expansion in a direction at right angles to /3, which
will be called the principal expansion, and, for a zero expansion, in
the direction of [; or at right angles to [5, which will be called the
secondary expansion. If the secondary expansion must be considered,
it may be calculated from the equations which have been derived, or
one may make use of the curves, Figs. 23 and 24, which are to be used
in connection with the curves, Figs. 6 to 22, as will be explained later.
It will be noted that the lengths of pipe, [; and [y, are given in feet in
all the diagrams, although, in the equations, the units are in inches.

Consider first the expansion in a 4-in. pipe, where the principal
expansion is 6 in., and where the secondary expansion (or that at right
angles to the principal expansion), is negligible. This length can be
determined directly from Fig. 13. If l5 is zero, the length of {; will be

37 ft. If 5 equals 10 ft., it will be more than —1, because [; must equal
something less than 37 ft., if [, has any value at all. With /5 equal to
10 ft., I is more than 2 and undoubtedly less than l21 If I3 equals l21,
it will be seen from Fig. 13, that [; will be a little less than 34 ft., and
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UNDER STRAIN FOR VARIOUS EXPANSIONS.
Secondary Expansion (s) = Zero
Maximum Fiber Stress = 12 000 lb. per sq. in. &
\n,/\./
4
\\'\
\::4“‘
/
30 40 50 60

Length of 10” Pipe under Strain (I,), in Feet.

Fic. 17.
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DIAGRAM SHOWING LENGTHS OF

12-IN. PIPE
UNDER STRAIN FOR VARIOUS EXPANSIONS.

Secondary Expansion (s) = Zero
Maximum Fiber Stress = 12 000 lb. per sq. in.

60

%/

30 40 50

Length of 12” Pipe under Strain (I1), in Feet.
Fic. 18.
DIAGRAM SHOWING LENGTHS OF
14-IN. PIPE

UNDER STRAIN FOR VARIOUS EXPANSIONS. Y

. 7,

Secondary Expansion (s) = Zero \Y
Maximum Fiber Stress = 12 000 lb. per sq. in. “
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10 20 30 40 50 60
Length of 14” Pipe under Strain (;), in Feet.

Fic. 19.
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DIAGRAM SHOWING LENGTHS OF
16-IN. PIPE
UNDER STRAIN FOR VARIOUS EXPANSIONS.
Secondary Expansion (s) = Zero
Maximum Fiber Stress = 12 000 lb. per sq. in.

40 60 80
Length of 16” Pipe under Strain (I1), in Feet.

Fic. 20.

DIAGRAM SHOWING LENGTHS OF

18-IN. PIPE
UNDER STRAIN FOR VARIOUS EXPANSIONS.
Secondary Expansion (s) = Zero
Maximum Fiber Stress = 12 000 lb. per sq. in.

40 60 80
Length of 18” Pipe under Strain (I,), in Feet.

Fic. 21.
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DIAGRAM SHOWING LENGTHS OF

20-IN. PIPE
UNDER STRAIN FOR VARIOUS EXPANSIONS.
Secondary Expansion (s) = Zero
Maximum Fiber Stress = 12 000 lb. per sq. in.
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Expansion (7), in Inches.
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60 80
Length of 20” Pipe under Strain (I1), in Feet.
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Fic. 22.
] DIAGRAM SHOWING VARIATION IN
_3 EXPANSION FOR VARYING VALUES
gg OF THE SECONDARY EXPANSION
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Values of #, Secondary Expansion-+Principal Expansion.

Fic. 23.
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0.

Lengths for Different Values of # as
Compared with Lengths when s

Maximum Strain--Strain at Elbow.

4 ] DIAGRAM SHOWING VARIATIONS IN
= LENGTHS OF PIPE UNDER STRAIN
g FOR VARYING VALUES OF THE
g SECONDARY EXPANSION
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Expansion (s)
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Values of #, Secondary Expansion-+Principal Expansion.
Fic. 24.
DIAGRAM SHOWING THE RELATION BETWEEN
THE MAXIMUM STRAIN IN A PIPE AND THE
STRAIN AT THE ELBOW, FOR VARYING
VALUES OF THE SECONDARY EXPANSION
‘/"\
Xy
%,
/ \
2§2/\
E
iz
287
S
— i -
==
N Secondary '
Expansion (s)
|
1 2 3 4 5 6 7 8

Values of #, Secondary Expansion-+Principal Expansion.

Fia. 25.



24 EXPANSION OF PIPES

[
if I equals Zl, Iy equals 35 ft. It will be seen, therefore, that [y is about

[
two-sevenths of [; or nearly Zl’ and that [; should be taken as 34% or
35 ft.

If the length, 5, becomes equal to 8ly, it will be seen from Fig. 13
that [y should equal 27% ft. When [, becomes very long, the fact as to
whether it can move freely must, of course, be taken into consideration.
If it must slip over fixed supports, the friction of slippage will, of course,
have the same effect as the shortening of the length, l5. On the other
hand, it often happens that pipes passing through walls, or in similar
conditions, will be held so as to permit of some slight side movement,
although it may not be allowed for in the calculations. This, of course,
would have the same effect as an increase in the length of pipe under
strain.

Let us now consider the expansion in a 4-in. pipe where the principal
expansion is 6 in., the secondary expansion is 3 in., and the lengths of [;

and [ are to be equal. From Fig. 24!, it will be seen, when the principal

expansion divided by the lesser or secondary expansion (or f) =35
,

and when [; = [y, that (compared with the case where the secondary

expansion equals zero) the lengths should be increased in the ratio of

1 to 1.085, or, from Fig. 23, it will be seen that the expansion should

be decreased in the ratio of 1 to 0.85.

From Fig. 13 it will be seen that [; should be nearly 32 ft. for a
4-in. pipe with a 6-in. expansion (the secondary expansion being zero
and [, = [3). If, in addition to the principal expansion of 6 in., there
is a secondary expansion of 3 in., the lengths should be increased, as
before stated, in the ratio of 1 to 1.085, or 32 ft. should be changed to
nearly 35 ft. If, however, it is desired not to increase these lengths, the
lessened amount of expansion or the increased maximum fiber stress
can be determined. From Fig. 23 it has been determined that the
expansion should be decreased in the ratio of 1 to 0.85, or 6 and 3 in.
should become 5.1 and 2.55 in., respectively. If, however, it is desired to
maintain the 6- and 3-in. expansion, it will be seen from the equations
that the fiber stress varies directly as the expansion, and hence the

1. The curve for I = 4l; in Fig. 24 has been corrected. The original figure showed
the curve passing through (2,1.05)
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maximum fiber stress will become?

1
12000 x 085 = 14 118 1b. per sq. in.

There is one factor which has already been mentioned, to which,
however, further attention should be given, that is the question as to
how much allowance should be made for the weakening of a pipe at
a fitting due either to the strength of the fitting or the threads on
the pipe. In order to determine what this allowance should be, we

I
must make lfD, in Equation 22, equal to the moment where X = kL,

2
instead of to M;, where X = 0. Following through similar succeeding
equations, we will secure the equation:

_ S
r= s Lk(k—1) - hk (34)
ko
or T+Sl—k_3EDk' (35)

The comparative values of the pipe strain at the joint and the fixed
point of the pipe, have been determined from Equation 35, and are
shown graphically in Fig. 25.

In using this diagram in the following discussion, the loss in strength
at the elbow is calculated as one-third. Therefore, an allowance should
be made for the weakening at the fitting when the maximum strain is

1
less than e or 1% times the strain at the elbow. An examination

3

of the curves on Fig. 25 will show that this is practically always the

case when [y = [y, or anything less than [;. It is also the case when

[, = 2ly, and the secondary is equal to or larger than the principal ex-

pansion. It will be remembered that the principal expansion is usually
[ \2

larger than <l1> times the secondary expansion, where [; is the length

2
of pipe under strain at right angles to the direction of the principal

expansion, and [ is the length of pipe under strain at right angles to
the secondary expansion, but the principal expansion is not necessarily
larger in quantity than the secondary expansion.

The allowance will depend on the ratio of the maximum strain to the
strain at the elbow, which values are shown by the curves in Fig. 25.

2. Original lacks ‘Ib.’
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When [y = 0, the strain at the elbow equals the strain at the point
where the pipe is held in line, and the strain at all intermediate points
is also the same. The allowance for the weakening at the elbow, or for
any joint between the elbow and the point where the pipe is held in line,
therefore, should be in the ratio of 1 to 1% or the strain allowable should
be two-thirds of what otherwise might be calculated when Iy = 0.

If [, has some other value, for example, if I, = 2[;, and if 5 2,
r

it will be seen, from Fig. 25, that the maximum strain is 1% times the
strain at the elbow. If we calculate the elbow to be only two-thirds as
strong as the pipe, the strain in the latter should be reduced to % X 1%
(= %) of what the pipe might stand, so as not to overstrain the material
at the elbow. If there is a fitting half way between the elbow and the
point at which the pipe is held in line, the maximum strain would be
greater than the strain at this point, in the ratio of 1 to a quantity half
way between 1 and 1%, or in the ratio of 1 to 13.

If the fitting were farther from the elbow, its distance being two-
thirds of the total distance between the point at which the pipe is held
in line and the elbow, the ratio would be 1 to (1 + %) i, which is equal

to the ratio of 1 to 1%.
When [, = 0, therefore, the allowance for the weakening at the
elbow should be made as follows:

The new ;2 and 5> 1
= 5, 0r
The old [,* and I,> 27
The new {; and Iy 3
=4/==+vV1.5=1.225
The old I, and I, 2 ’

or the new lengths should equal 1.225 times the old lengths.
An examination of the equation and curves will also show that this
same rule may be followed closely when the secondary expansion, al-
Io\2
though not zero, is still small as compared with (;) times the princi-

1
pal expansion, and, in no case, will the allowance be greater than this

amount.

The diagrams may be used for a variety of combinations, and their
adaptability is well illustrated by Fig. 26.

An arrangement of piping is assumed, in which a tee connects an
8- and a 6-in. pipe on the run and a 4-in. pipe branches from the
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tee at right angles to both. The length of /M %/

the 8-in. pipe from the tee to the point at
which it is held in line will be assumed to G
be 30 ft., and that of the 6-in. pipe will

be assumed to be 25 ft. If the movement /4
of the tee in the direction of the 6- and 8- % }

in. pipes is 2 in., what should the length
of the 4-in. pipe be from the tee to the
point at which it is held in line?

It will first be assumed that the ex-
pansion of the tee in the direction of the WW/
4-in. pipe is a negligible quantity. From T
the formula it is seen that the bending FIG. 26.
for a fixed maximum fiber stress varies
inversely as the diameter of the pipe and the square of the length of
pipe. The 30 ft. of 8-in. pipe, therefore, could, for a fixed maximum
fiber stress, be bent only one-half as much as 30 ft. of 4-in. pipe. There-
fore, the 30 ft. of 8-in. pipe is equivalent in its power to bend to 21.2 ft.
of 4-in. pipe, since the lengths vary as the square root of the bending

21.2 1
power, and =0 Vo In the same way, the 25 ft. of 6-in. pipe is
25 25
equivalent to T = Too1 = 20 ft. (about).

We have now the double stiffness of an equivalent of 21.2 ft. of 4-in.

1
pipe and 20 ft. of 4-in. pipe. The stiffness is proportional to —

or to
2’
the reciprocal of the length squared. Therefore, the combined stiffness
1 1
of the two 6- and 8-in. pipes would be equivalent to W + 202 =
849.44 hich Id b ivalent to a 4-in. pi ith a length of
ich would be equivalent to a 4-in. pipe, with a len 0
179776" Y iy PP, W &
179776
= v/211.64 = 14.54 ft.
849.44

If we use 14.54 as [y, therefore, in Fig. 13, we can secure the neces-
sary length of 4-in. pipe.

We see from this diagram that, if [ = 0, 2 in. of expansion for a
4-in. pipe would require a length of 21i ft. of 4-in. pipe. If s = I3, Iy
would be 18% ft., but [, is equivalent to 14.5 ft. The next smaller value
for Iy is [y equals %ll. In this case, [; would equal 19% ft. In the first
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case, if Iy = 11, I3 would be 18%. In the second case, if I = %ll, I would
be 9}715 ft., but [y is actually 14% ft., or about half-way between the two;
therefore, [ lies between 19% and 18%, and would not be far from 19 ft.

If now there should be a secondary expansion of % in., it would
be necessary to increase the value of ;. If [ could not be increased

l
proportionately, the value of l—g would be decreased, and instead of

1
1

being —2, or approximately %, it would become something less. From

Fig. 24 it will be seen that when the secondary expansion divided by

s 1
the principal expansion, or — = —, and when [, = %ll, that the new

,
length should be about 1.1 of the old length. This, however, would

change [; so little that the value of 1—2, while less than %, would not be
1

nearly so small as % We can, therefore, approximate the value of Z—Q as
1

1% X % = Z—g = 0.675, or about %, and we can approximate the required

length of [; from Fig. 24, as about 1.09 of the old length of 19 ft. or

the new length of [; would become about 19 x 1.09 = 20.71, or about

202 ft.

Let us now consider a case in which the strain is not caused by an
expansion or movement at the tee, and in which the end of the 4-in.
pipe farthest from the tee is not held in line. The problem will be to
find what bending is possible at the end of the 4-in. pipe farthest from
the tee, if this end is not held horizontal or in its original direction.
The length of the 8- and 6-in. pipes will be the same as before, and the

length of the 4-in. pipe will be the same as in the last case, viz., 20% ft.

In this case the 8- and 6-in. pipes together have an equivalent length
of 14.54 ft. of 4-in. pipe.

It is apparent that, in this case, the bending will be the same as for
a 4-in. pipe of length (20.7+ 14.54) = 35.24 ft. with its end free. A free
end is a similar condition to [y = 0o, as the fact of the ends not being
free is due to a strain from [y, and this becomes zero when I, = co. We
will find, therefore, the expansion on Fig. 13, and note that it is nearly
11 in.

It is sometimes the practice to use bends. An analysis of the con-
ditions of strain in a 90° bend will show that such a bend has approxi-
mately the same strength as a pipe making a 90° turn with an elbow,
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the two sides of which are each equal to the radius of the bend. There
are advantages, however, in the use of the bend—a lessening in the re-
sistance to the flow of the fluid in the pipe, a lessening in the number of
fittings used, and, in many cases, a lessening in the cost of the material
and erection. In some specifications copper bends are called for, and
if the pipe is under a practically constant temperature, these may be
fairly satisfactory, even if the stress in the metal is quite large. If the
stress is kept fairly well under the elastic limit, steel pipe is, however,
as good as copper pipe, and if the elastic limit is nearly reached or
exceeded, there is always danger of the breaking of the pipe.

If the pipe is arranged as shown in Fig. 27, and if the expansion
is the same on both sides of the loop, the center of the loop will act
as a fixed point, and [; will be the length of one side of the loop. If
now the expansion were altogether on one side of the loop, the entire
length of both sides may be taken for [y,
which would appear to make it advantageous
to place the loop near an anchorage instead
of half way between two anchorages. The
reason for this is that by placing the loop %:
near one anchorage, we double the expan-
sion acting on one side of the loop, but we
also double [, and the expansion permissi-
ble varies as [;? and not as {;. If, however, the loop is placed half way
between the two anchorages, the greatest movement of the pipe at any
point is reduced by one-half, and, at times, this may be of considerable
importance.

\&“@\\

Fic. 27.

The method of using several small pipes or bends in place of one
large pipe or bend has been suggested, and can sometimes be used to
advantage. The intention is, of course, to make this section of piping
capable of greater bending, and, at the same time, not to reduce the
area through which the steam or fluid passes. The combined cross-
sectional area of the small pipes may be made equal or larger than that
of the large pipe, while the bending will be equal to that of one small
pipe.

There is one point in connection with the expansion of pipes, to
which particular attention is called. It is possible to reduce greatly the

effects of expansion by the use of what is called a cold strain. William
J. Baldwin, M. Am. Soc. C. E., was the first, the writer believes, to



30 EXPANSION OF PIPES

make use of cold strain in order to reduce the necessary allowance for
expansion, and he has gone as far as to put the entire strain in the cold
pipe in some cases.

By cold strain is meant the cutting of the pipe in such a manner that
the pipe will be strained when cold in exactly the opposite way from
that in which it is strained by expansion when hot. If the cold strain
is 50% of the normal expansion, the pipe will be strained 50% in what
may be called a negative direction when cold, and 50% in the opposite
or positive direction when hot. By this means it is possible to reduce
the strain in the pipe to half the normal strain of expansion, and thus
reduce the necessary allowance for the same in this proportion. There
are advantages, however, in making the cold strain greater than 50 per
cent. If, for instance, the cold strain is exactly equal to the expansion,
then the pipe is under strain when cold and entirely free from strain
when hot or, in other words, the tendency to strain open one side of
a pipe flange is a maximum when the pipe is cold or when there is no
pressure on it, and it becomes zero when the pipe is hot or when there
is a maximum pressure on it. The strain of expansion is also eliminated
when that due to steam pressure is a maximum, so that the pipe is not
subjected to the two strains at the same time.

If the cold strain is something less than the full expansion, these
effects are, of course, proportionately decreased.

Perhaps it might be of interest to mention one instance in which
the advantage of cold strain was used to remedy what seemed to be a
serious trouble. A leak in one of the main steam pipes in a large hotel
was causing much annoyance. The cause of the trouble was simply that
the flanges were thrown out of line by the strain of the expansion of the
piping. The location was such that it was of the utmost importance not
to shut off the steam from this pipe for more than a very short time.
Various expedients had been suggested, all requiring a shut-down of
the plant for a considerable length of time, when it was suggested by
Mr. Baldwin, that one length of flanged pipe be replaced by a similar
piece of pipe, cut enough shorter, however, to eliminate entirely the
excessive strain of expansion when the piping was hot. This new piece
of pipe was made ready before the plant was shut down, and the time,
therefore, during which it was not in operation, was limited to a very
few minutes.

There is another advantage due to cold strain, which may be men-
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tioned, and which will be appreciated particularly by the steamfitter or
the man in charge of the erection of the work, wherever flanged piping
is used. The advantage is simply this, that a flange joint when unbolted
will tend to open up and allow an easy removal of a gasket.

In conclusion, a word may be said in regard to the use of the di-
agrams. They are calculated for a maximum fiber stress of 12000 lb.
per sq. in. This gives an ample factor of safety for wrought-iron or steel
pipe, and more, perhaps, than some will wish to allow. It is very easy,
however, to use the diagrams with a higher stress, if so desired, since
the stress varies directly as the amount of expansion. If it is desired,
for instance, to use a maximum fiber stress of 16 000 lb. per sq. in., it
is only necessary to increase the amounts of expansion in the diagrams
in the ratio of 16000 to 12000, or %. An expansion of 3 in. in the
diagrams can then be made 4 in., and other values can be increased
proportionately.
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DISCUSSION.

WiLLIAM D. Ennis, EsQ.” (by letter).—Mr. Taggart has rendered
a real service in reducing to quantitative form the various assumptions
which engineers have had to make in designing pipe lines in order to
provide for expansion. There is no question as to the benefit, in some
cases, of merely treating a long transmission line as suggested in Fig. 27;
but this seems to be a clumsy expedient at best, to be resorted to only
as a means of getting around a difficulty quickly and cheaply. The use
of cold strain in erection has been thoroughly tried out by the fitters,
and always with success; it cannot be too strongly insisted on that all
piping should be erected in this way.

The writer does not follow Mr. Taggart’s apparent condemnation
of the bend as an expedient for expansion resistance, having supposed
that its shape, ordinarily at least, gives it a susceptibility to flexure
greater than that of the straight pipe with elbows. Certainly there is
less likelihood of leakage at the end joints when bends are used. If this
is not due to greater flexibility, on what grounds is it to be explained?

Both cold straining and expansion strains have an important re-
lation to flange pressure. The ordinary pipe flange, with a continuous
face, has a contact pressure due to bolting only slightly in excess of that
necessary to hold it against high strain pressures. Unless the question
of anchorage is carefully worked out, cases sometimes arise in which
the cold strain or the expansion may compel a flange to leak.

WiLLiam KENT, EsqQ. (by letter).—It seems to the writer that
the theory of the action of the
pipes shown in Fig. 2 is not
correct. Why should the pipe,
b d, take the reverse curve there
shown? If both pipes expand, and
the elbow, a, moves to b, they
would probably curve in a sin-
gle direction, as shown in Fig. 28, OPENING OF FLANGES
tending to bend the right-angled OF PIPES
elbow into an acute angle, or, if Fiq. 28.
that is too stiff, to open the joints

*  Professor of Mechanical Engineering, Polytechnic Institute of Brooklyn.
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of the flanges if they are separated by gaskets, or to crack the flanges if
they are metal to metal. If screwed elbows are used, the screwed ends
of the pipes, being their weakest part, would tend to be distorted.

All the sketches seem to relate to practice which is no longer consid-
ered good, except for small pipes and low pressures. Fifteen or twenty
years ago the expansion joint shown in Fig. 27 was not uncommon,
but many accidents resulted from it, not only from the cracking of the
flanges due to expansion, but also from water-hammer. When steam
pressures began to be 120 1b. and upward, and high-speed engines be-
came common, accidents to steam pipes became most serious and fre-
quent, and led to the adoption of long steel bends and forged-steel
flanges, with no cast-iron or screwed joints. Steam-pipe lines, formerly
the most dangerous part of a steam plant (accidents to them being more
numerous than boiler explosions or bursting fly-wheels), have now be-
come most reliable, an accident to a well-constructed modern pipe line
being very rare.

What is needed for the aid of designers is a series of experiments
on long pipe bends like those in Fig. 29, in order to

ascertain how much expansion will be safely taken
care of by their flexibility.
Referring to Mr. Taggart’s criticism of taking

care of expansion by swinging fittings, such fittings

have sometimes been used with excellent results. A Fiag. 29.
noted instance is that of the steam-pipe line of the

Waldorf-Astoria Hotel, in which the pipe expansion was taken care of
by right-angled bends and by loops like that shown in Fig. 27, the result
being scores of cracked flanges, leaky screwed joints, and the like. The
whole piping system was condemned as highly dangerous by several
engineers who examined it, and it was relaid with swinging fittings, a
few years after the hotel was built, with complete success, the writer has
been informed. Expansion joints which have two pipe legs, connected
with a sort of ball joint, are now on the market, and are giving good
service, even with superheated steam at high pressure.

RarLpH C. TAGGART, Assoc. M. AM. Soc. C. E. (by letter).—
Mr. Ennis and Mr. Kent have both drawn one conclusion from the paper
which certainly was not intended, namely, that the writer is opposed
to the use of pipe bends. The writer is not opposed to pipe bends; in
fact, he is a strong advocate of their use in many cases. In the paper,

Mr. Kent.

Mr. Taggart.
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however, he desired to make clear the fact that pipe bends do not add
to the flexibility of piping because of their shape. They often add to the
possible flexibility of the piping, however, by the elimination of fittings,
where the latter may be a source of weakness. This question was dealt
with at some length in connection with Fig. 25, and, for this reason,
the writer did not go into the question of the weakness of fittings when
discussing pipe bends.

Any arrangement which will remove a fitting from a point of maxi-
mum strain is desirable. The location of these points was discussed in
connection with Fig. 25. Such points, however, are not always located
where the change of direction occurs.

The writer uses the right-angle diagrams because of their simplicity,
and because the curves derived therefrom may be used, whether elbows
or bends are installed.

A careful analysis of the stresses and strains in a bent pipe, consid-
ered as an elastic arch, will show that the radius of the bend required
for a fixed maximum fiber stress is practically the same as the length
of one side of a square corner, where the turn in the pipe is as strong
as the pipe itself. If the ends of the bends are held rigidly, both as to
alignment and position, the analysis will show that the bend with a
radius, r, will be more rigid than the square corner of a length, [, on
each side, where [ equals r. This is an unusual condition, however, and
the bend may practically be calculated as if the pipe ran to a square
corner.

In regard to experiments on pipe bends which have been made in the
past, attention is called to one fact, namely, that, where these tests are
carried to a point at which the pipe ruptures, the pipe usually swings
out of its original plane and bends in at least two planes. This results
in greater bending in the pipe, before it breaks, than is shown by the
calculations made on the basis of bending in a single plane; but when it
is desired to keep the maximum fiber stress in the pipe down to what is
generally considered to be good practice in steel structures, practically
all the expansion occurs within one plane, and this is often essential on
account of the alignment of the piping. The writer wishes to bring out
the fact that, if the stresses are calculated from experiment, based on
the point at or near which the pipe ruptures (bending in two planes),
the stresses for lesser expansions, figured therefrom, will be too high,
where now the pipe bends only within one plane. With this fact in



DISCUSSION ON EXPANSION OF PIPES 35

mind, the writer believes that experiments on the expansion of pipes
confirm the data in the paper.

Mr. Kent states that the theory of the action of the pipes under
expansion shown in Fig. 2 does not seem to him to be correct. He
asks: “Why should the pipe, b d, take the reverse curve there shown?”
He suggests that, with expansion in two directions, the pipe would
probably take the position shown in Fig. 28.

The reason for the pipes taking the reverse curve, and for the con-
dition shown in Fig. 28 being incorrect, is simply that the flanges must
not be allowed to open as shown in that figure. It is ordinarily an
impossible condition, if the pipe is to carry steam. The flanges must
be made to come together, and this tightening-up of the bolts on the
outer sides of the flanges is what must necessarily put the reverse curve
in the pipe.

If in any special case the condition cited by Mr. Kent occurs, the
resulting strains may still be found from the diagrams given. The
condition is simply one in which the bending moment at the fitting
becomes zero. This is the same as the condition in which [l equals oo,
and is shown by the curves which are thus marked.

The condition shown in Fig. 2 is for an expansion in one direction
only, in which case the maximum strain does not come at the elbow.
That shown in Fig. 28 is for an equal expansion in two directions,
in which case the maximum strain comes at the elbow. The actual
position of the pipe under the conditions represented in Fig. 28 would
be that shown in Fig. 30.

Mr. Kent seems to think that the writer’s sketches do not refer to
and cannot be used in connection with bends. In this he is mistaken.
The curves which Mr. Kent shows in Fig. 29 can be calculated by the
diagrams in the paper. The writer would determine their flexibility by
calculating for a straightened pipe with 90° turns from each end of the
bend to a point 90° from the direction of expansion. The remainder of
the pipe is calculated directly on the basis of its length. For example,
the bends shown in Fig. 29 are shown in Fig. 31.

The dotted lines from a to b and from d to e show how the pipe
should be figured up to the points b and d, if the expansion is in the
direction of the pipe at the end of the bends, or as shown by the arrows.
The pipe between b-c-d can be calculated directly on the basis of its
length, and as if it were at right angles to the direction of the expansion.

Mr. Taggart.
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Fic. 30.

Mr. Taggart. 1f the expansion is at right angles to the direction of the arrows, the
dotted lines would not be considered, and the entire length of the curved
pipe would, of course, be calculated as if it were at right angles to the
expansion.

Mr. Kent seems to think that the writer’s sketches refer only to
low-pressure work. This is not true. As before stated, they may be
applied to bends and to piping as arranged for the highest pressures.

A great deal of piping is installed to-day with pressures of more
than 120 lb. per sq. in., where elbows are used, which give satisfactory
service. For the higher pressures, cast-steel, and not cast-iron, elbows
are used.

The lessening, in recent years, in accidents from steam piping under
high pressure, has been due largely to the more general use of steel in
place of cast iron. Cast iron should never be used in piping under very
high pressure because of its uncertainty. Water hammer will also injure
cast iron much sooner than steel on account of its brittleness. Water
hammer in steam piping, however, is a crime. Steel pipe and bends in
high-pressure piping are of advantage, but if a serious water hammer
occurs it is almost sure to cause trouble.

In regard to expansion allowances, it may be said that the designer
who has had experience may turn out a very satisfactory equipment,
but in too many cases the factor of safety is too low. It is almost
beyond the range of human possibility for experience alone to maintain
a uniform factor of safety, and exact calculations should always be
made where there is the slightest doubt as to the amount of allowance
for expansion.
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In regard to the use of swinging fittings where allowance must be
made for pipe expansion, the writer does not agree with Mr. Kent.
He does not see how any unprejudiced person can reach a different
conclusion from that contained in his paper, and knows that practically
all operating engineers and steam-fitters of experience will condemn
such joints. The only argument that he has ever heard in their favor is
the statement that they have been used somewhere with success. Mr.
Kent cites one instance. The writer went to the building mentioned,
where the engineer described the old arrangement of the piping. It
appears that the original installation contained standard-weight pipe,
although the plant itself is a high-pressure steam plant. There was
trouble, not only at the expansion loop, but at practically every other
joint in the piping. The expansion loop itself was entirely too small to
do any appreciable good. New high-pressure piping, all extra heavy, was
installed. In the new arrangement the piping was run so as to allow for
a swinging joint. Whether there is a movement at this joint, however,
is unknown, as a constant steam pressure is maintained practically at
all times. The engineer told the writer that he did not believe there was
any movement within the thread of the fitting, and the writer’s own
observation leads him to believe that statement, the expansion being
carried largely to the ends of the piping.

If, however, there is in any single case or in any number of cases a
movement in the thread of the fitting without leakage, this certainly is
the exception and not the rule. In the majority of cases, where there
is no trouble with what are thought to be swinging joints it will be
found that there is no movement in the thread, although such may be
imagined.

In regard to the use of ball-and-socket joints as swinging expansion
joints, the writer will only quote from a statement made by a company
which has claimed in the past that it is the only successful all-metal
flexible ball-joint manufacturer in the United States. The company
states, “Will guarantee the joint if used constantly, unless you move
the joint exactly in the same place for a long time.” This condition
appears to be the one that must be met in most cases where such a
joint would be used as an expansion joint.

In connection with pipe expansion, there is a method of shortening
expansion loops which is not mentioned in the paper. It consists in the
use of standard-weight pipe for the bends or expansion loops, while the

Mr. Taggart.
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remainder of the piping is extra heavy. An extra heavy pipe will bend as
many inches as a lighter pipe of the same outside diameter, but it takes
more force to produce this bending. The use of the lighter pipe bends,
therefore, throws less strain on the other piping. It is much better to use
longer loops, however, and maintain the extra heavy piping throughout.

In conclusion, a word should be added in regard to what were termed
primary and secondary expansions. An approximate method of deter-
mining the primary or principal expansion was given in the paper.
Usually, this is only a matter of simple observation; but, when there
is any question as to which expansion is the primary and which is the
secondary, it is a simple matter to calculate the piping both ways and
take the values which show the greater strains.



LICENSING 39

End of the Project Gutenberg EBook of Transactions of the American Society
of Civil Engineers, vol. LXX, Dec. 1910, by Ralph C. Taggart

*%% END OF THIS PROJECT GUTENBERG EBOOK SOCIETY OF CIVIL ENGINEERS *x*x*

*x%%xx This file should be named 25220-pdf.pdf or 25220-pdf.zip **x*x
This and all associated files of various formats will be found in:
http://www.gutenberg.org/2/5/2/2/25220/

Produced by Juliet Sutherland, David Wilson and the Online
Distributed Proofreading Team at http://www.pgdp.net

Updated editions will replace the previous one-the old editions
will be renamed.

Creating the works from public domain print editions means that no
one owns a United States copyright in these works, so the Foundation
(and you!) can copy and distribute it in the United States without
permission and without paying copyright royalties. Special rules,
set forth in the General Terms of Use part of this license, apply to
copying and distributing Project Gutenberg-tm electronic works to
protect the PROJECT GUTENBERG-tm concept and trademark. Project
Gutenberg is a registered trademark, and may not be used if you
charge for the eBooks, unless you receive specific permission. If you
do not charge anything for copies of this eBook, complying with the
rules is very easy. You may use this eBook for nearly any purpose
such as creation of derivative works, reports, performances and
research. They may be modified and printed and given away-you may do
practically ANYTHING with public domain eBooks. Redistribution is
subject to the trademark license, especially commercial
redistribution.

*%% START: FULL LICENSE %%

THE FULL PROJECT GUTENBERG LICENSE
PLEASE READ THIS BEFORE YOU DISTRIBUTE OR USE THIS WORK

To protect the Project Gutenberg-tm mission of promoting the free
distribution of electronic works, by using or distributing this work
(or any other work associated in any way with the phrase "Project
Gutenberg"), you agree to comply with all the terms of the Full Project
Gutenberg-tm License (available with this file or online at
http://gutenberg.org/license) .

Section 1. General Terms of Use and Redistributing Project Gutenberg-tm
electronic works

1.A. By reading or using any part of this Project Gutenberg-tm
electronic work, you indicate that you have read, understand, agree to
and accept all the terms of this license and intellectual property
(trademark/copyright) agreement. If you do not agree to abide by all
the terms of this agreement, you must cease using and return or destroy
all copies of Project Gutenberg-tm electronic works in your possession.
If you paid a fee for obtaining a copy of or access to a Project



40 LICENSING

Gutenberg-tm electronic work and you do not agree to be bound by the
terms of this agreement, you may obtain a refund from the person or
entity to whom you paid the fee as set forth in paragraph 1.E.8.

1.B. "Project Gutenberg" is a registered trademark. It may only be
used on or associated in any way with an electronic work by people who
agree to be bound by the terms of this agreement. There are a few
things that you can do with most Project Gutenberg-tm electronic works
even without complying with the full terms of this agreement. See
paragraph 1.C below. There are a lot of things you can do with Project
Gutenberg-tm electronic works if you follow the terms of this agreement
and help preserve free future access to Project Gutenberg-tm electronic
works. See paragraph 1.E below.

1.C. The Project Gutenberg Literary Archive Foundation ("the Foundation"

or PGLAF), owns a compilation copyright in the collection of Project
Gutenberg-tm electronic works. Nearly all the individual works in the
collection are in the public domain in the United States. If an

individual work is in the public domain in the United States and you are
located in the United States, we do not claim a right to prevent you from
copying, distributing, performing, displaying or creating derivative
works based on the work as long as all references to Project Gutenberg
are removed. Of course, we hope that you will support the Project
Gutenberg-tm mission of promoting free access to electronic works by
freely sharing Project Gutenberg-tm works in compliance with the terms of
this agreement for keeping the Project Gutenberg-tm name associated with
the work. You can easily comply with the terms of this agreement by
keeping this work in the same format with its attached full Project
Gutenberg-tm License when you share it without charge with others.

1.D. The copyright laws of the place where you are located also govern
what you can do with this work. Copyright laws in most countries are in
a constant state of change. If you are outside the United States, check
the laws of your country in addition to the terms of this agreement
before downloading, copying, displaying, performing, distributing or
creating derivative works based on this work or any other Project
Gutenberg-tm work. The Foundation makes no representations concerning
the copyright status of any work in any country outside the United
States.

1.E. Unless you have removed all references to Project Gutenberg:

1.E.1. The following sentence, with active links to, or other immediate
access to, the full Project Gutenberg-tm License must appear prominently
whenever any copy of a Project Gutenberg-tm work (any work on which the
phrase "Project Gutenberg" appears, or with which the phrase "Project
Gutenberg" is associated) is accessed, displayed, performed, viewed,
copied or distributed:

This eBook is for the use of anyone anywhere at no cost and with
almost no restrictions whatsoever. You may copy it, give it away or
re-use it under the terms of the Project Gutenberg License included
with this eBook or online at www.gutenberg.org

1.E.2. TIf an individual Project Gutenberg-tm electronic work is derived
from the public domain (does not contain a notice indicating that it is
posted with permission of the copyright holder), the work can be copied
and distributed to anyone in the United States without paying any fees



LICENSING

or charges. If you are redistributing or providing access to a work
with the phrase "Project Gutenberg" associated with or appearing on the
work, you must comply either with the requirements of paragraphs 1.E.1
through 1.E.7 or obtain permission for the use of the work and the
Project Gutenberg-tm trademark as set forth in paragraphs 1.E.8 or
1.E.9.

1.E.3. 1If an individual Project Gutenberg-tm electronic work is posted
with the permission of the copyright holder, your use and distribution
must comply with both paragraphs 1.E.1 through 1.E.7 and any additional
terms imposed by the copyright holder. Additional terms will be linked
to the Project Gutenberg-tm License for all works posted with the
permission of the copyright holder found at the beginning of this work.

1.E.4. Do not unlink or detach or remove the full Project Gutenberg-tm
License terms from this work, or any files containing a part of this
work or any other work associated with Project Gutenberg-tm.

1.E.5. Do not copy, display, perform, distribute or redistribute this
electronic work, or any part of this electronic work, without
prominently displaying the sentence set forth in paragraph 1.E.1 with
active links or immediate access to the full terms of the Project
Gutenberg-tm License.

1.E.6. You may convert to and distribute this work in any binary,
compressed, marked up, nonproprietary or proprietary form, including any
word processing or hypertext form. However, if you provide access to or
distribute copies of a Project Gutenberg-tm work in a format other than
"Plain Vanilla ASCII" or other format used in the official version
posted on the official Project Gutenberg-tm web site (www.gutenberg.org),
you must, at no additional cost, fee or expense to the user, provide a
copy, a means of exporting a copy, or a means of obtaining a copy upon
request, of the work in its original "Plain Vanilla ASCII" or other
form. Any alternate format must include the full Project Gutenberg-tm
License as specified in paragraph 1.E.1.

1.E.7. Do not charge a fee for access to, viewing, displaying,
performing, copying or distributing any Project Gutenberg-tm works
unless you comply with paragraph 1.E.8 or 1.E.9.

1.E.8. You may charge a reasonable fee for copies of or providing
access to or distributing Project Gutenberg-tm electronic works provided
that

- You pay a royalty fee of 20% of the gross profits you derive from
the use of Project Gutenberg-tm works calculated using the method
you already use to calculate your applicable taxes. The fee is
owed to the owner of the Project Gutenberg-tm trademark, but he
has agreed to donate royalties under this paragraph to the
Project Gutenberg Literary Archive Foundation. Royalty payments
must be paid within 60 days following each date on which you
prepare (or are legally required to prepare) your periodic tax
returns. Royalty payments should be clearly marked as such and
sent to the Project Gutenberg Literary Archive Foundation at the
address specified in Section 4, "Information about donations to
the Project Gutenberg Literary Archive Foundation."

— You provide a full refund of any money paid by a user who notifies

41



42 LICENSING

you in writing (or by e-mail) within 30 days of receipt that s/he
does not agree to the terms of the full Project Gutenberg-tm
License. You must require such a user to return or

destroy all copies of the works possessed in a physical medium
and discontinue all use of and all access to other copies of
Project Gutenberg-tm works.

- You provide, in accordance with paragraph 1.F.3, a full refund of any
money paid for a work or a replacement copy, if a defect in the
electronic work is discovered and reported to you within 90 days
of receipt of the work.

- You comply with all other terms of this agreement for free
distribution of Project Gutenberg-tm works.

1.E.9. TIf you wish to charge a fee or distribute a Project Gutenberg-tm
electronic work or group of works on different terms than are set

forth in this agreement, you must obtain permission in writing from

both the Project Gutenberg Literary Archive Foundation and Michael

Hart, the owner of the Project Gutenberg-tm trademark. Contact the
Foundation as set forth in Section 3 below.

1.F.

1.F.1. Project Gutenberg volunteers and employees expend considerable
effort to identify, do copyright research on, transcribe and proofread
public domain works in creating the Project Gutenberg-tm

collection. Despite these efforts, Project Gutenberg-tm electronic
works, and the medium on which they may be stored, may contain
"Defects," such as, but not limited to, incomplete, inaccurate or
corrupt data, transcription errors, a copyright or other intellectual
property infringement, a defective or damaged disk or other medium, a
computer virus, or computer codes that damage or cannot be read by
your equipment.

1.F.2. LIMITED WARRANTY, DISCLAIMER OF DAMAGES - Except for the "Right
of Replacement or Refund" described in paragraph 1.F.3, the Project
Gutenberg Literary Archive Foundation, the owner of the Project
Gutenberg-tm trademark, and any other party distributing a Project
Gutenberg-tm electronic work under this agreement, disclaim all
liability to you for damages, costs and expenses, including legal
fees. YOU AGREE THAT YOU HAVE NO REMEDIES FOR NEGLIGENCE, STRICT
LIABILITY, BREACH OF WARRANTY OR BREACH OF CONTRACT EXCEPT THOSE
PROVIDED IN PARAGRAPH F3. YOU AGREE THAT THE FOUNDATION, THE
TRADEMARK OWNER, AND ANY DISTRIBUTOR UNDER THIS AGREEMENT WILL NOT BE
LIABLE TO YOU FOR ACTUAL, DIRECT, INDIRECT, CONSEQUENTIAL, PUNITIVE OR
INCIDENTAL DAMAGES EVEN IF YOU GIVE NOTICE OF THE POSSIBILITY OF SUCH
DAMAGE .

1.F.3. LIMITED RIGHT OF REPLACEMENT OR REFUND - If you discover a
defect in this electronic work within 90 days of receiving it, you can
receive a refund of the money (if any) you paid for it by sending a
written explanation to the person you received the work from. If you
received the work on a physical medium, you must return the medium with
your written explanation. The person or entity that provided you with
the defective work may elect to provide a replacement copy in lieu of a
refund. If you received the work electronically, the person or entity
providing it to you may choose to give you a second opportunity to



LICENSING

receive the work electronically in lieu of a refund. If the second copy
is also defective, you may demand a refund in writing without further
opportunities to fix the problem.

1.F.4. Except for the limited right of replacement or refund set forth
in paragraph 1.F.3, this work is provided to you ’"AS-IS’ WITH NO OTHER
WARRANTIES OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTIBILITY OR FITNESS FOR ANY PURPOSE.

1.F.5. Some states do not allow disclaimers of certain implied
warranties or the exclusion or limitation of certain types of damages.
If any disclaimer or limitation set forth in this agreement violates the
law of the state applicable to this agreement, the agreement shall be
interpreted to make the maximum disclaimer or limitation permitted by
the applicable state law. The invalidity or unenforceability of any
provision of this agreement shall not void the remaining provisions.

1.F.6. INDEMNITY - You agree to indemnify and hold the Foundation, the
trademark owner, any agent or employee of the Foundation, anyone
providing copies of Project Gutenberg-tm electronic works in accordance
with this agreement, and any volunteers associated with the production,
promotion and distribution of Project Gutenberg-tm electronic works,
harmless from all liability, costs and expenses, including legal fees,
that arise directly or indirectly from any of the following which you do
or cause to occur: (a) distribution of this or any Project Gutenberg-tm
work, (b) alteration, modification, or additions or deletions to any
Project Gutenberg-tm work, and (c) any Defect you cause.

Section 2. Information about the Mission of Project Gutenberg-tm

Project Gutenberg-tm is synonymous with the free distribution of
electronic works in formats readable by the widest variety of computers
including obsolete, old, middle-aged and new computers. It exists
because of the efforts of hundreds of volunteers and donations from
people in all walks of life.

Volunteers and financial support to provide volunteers with the
assistance they need, is critical to reaching Project Gutenberg-tm’s
goals and ensuring that the Project Gutenberg-tm collection will
remain freely available for generations to come. In 2001, the Project
Gutenberg Literary Archive Foundation was created to provide a secure
and permanent future for Project Gutenberg-tm and future generations.
To learn more about the Project Gutenberg Literary Archive Foundation
and how your efforts and donations can help, see Sections 3 and 4

and the Foundation web page at http://www.pglaf.org.

Section 3. Information about the Project Gutenberg Literary Archive
Foundation

The Project Gutenberg Literary Archive Foundation is a non profit

501 (c) (3) educational corporation organized under the laws of the
state of Mississippi and granted tax exempt status by the Internal
Revenue Service. The Foundation’s EIN or federal tax identification
number is 64-6221541. Its 501 (c) (3) letter is posted at
http://pglaf.org/fundraising. Contributions to the Project Gutenberg
Literary Archive Foundation are tax deductible to the full extent

43



44 LICENSING

permitted by U.S. federal laws and your state’s laws.

The Foundation’s principal office is located at 4557 Melan Dr. S.
Fairbanks, AK, 99712., but its volunteers and employees are scattered
throughout numerous locations. Its business office is located at

809 North 1500 West, Salt Lake City, UT 84116, (801) 596-1887, email
business@pglaf.org. Email contact links and up to date contact
information can be found at the Foundation’s web site and official
page at http://pglaf.org

For additional contact information:
Dr. Gregory B. Newby
Chief Executive and Director
gbnewby@pglaf.org

Section 4. Information about Donations to the Project Gutenberg
Literary Archive Foundation

Project Gutenberg-tm depends upon and cannot survive without wide
spread public support and donations to carry out its mission of
increasing the number of public domain and licensed works that can be
freely distributed in machine readable form accessible by the widest
array of equipment including outdated equipment. Many small donations
($1 to $5,000) are particularly important to maintaining tax exempt
status with the IRS.

The Foundation is committed to complying with the laws regulating
charities and charitable donations in all 50 states of the United
States. Compliance requirements are not uniform and it takes a
considerable effort, much paperwork and many fees to meet and keep up
with these requirements. We do not solicit donations in locations
where we have not received written confirmation of compliance. To
SEND DONATIONS or determine the status of compliance for any
particular state visit http://pglaf.org

While we cannot and do not solicit contributions from states where we

have not met the solicitation requirements, we know of no prohibition

against accepting unsolicited donations from donors in such states who
approach us with offers to donate.

International donations are gratefully accepted, but we cannot make
any statements concerning tax treatment of donations received from
outside the United States. U.S. laws alone swamp our small staff.

Please check the Project Gutenberg Web pages for current donation
methods and addresses. Donations are accepted in a number of other
ways including checks, online payments and credit card donations.
To donate, please visit: http://pglaf.org/donate

Section 5. General Information About Project Gutenberg-tm electronic
works.

Professor Michael S. Hart is the originator of the Project Gutenberg-tm
concept of a library of electronic works that could be freely shared
with anyone. For thirty years, he produced and distributed Project
Gutenberg-tm eBooks with only a loose network of volunteer support.



LICENSING 45

Project Gutenberg-tm eBooks are often created from several printed
editions, all of which are confirmed as Public Domain in the U.S.
unless a copyright notice is included. Thus, we do not necessarily
keep eBooks in compliance with any particular paper edition.

Most people start at our Web site which has the main PG search facility:
http://www.gutenberg.org

This Web site includes information about Project Gutenberg-tm,

including how to make donations to the Project Gutenberg Literary

Archive Foundation, how to help produce our new eBooks, and how to
subscribe to our email newsletter to hear about new eBooks.



