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PREFACE.

VERY little, if anything, new will be found in the follow-
ing pages. The object in writing them has been to bring
together in a small compass all the essentials required in
properly designing ordinary roof-trusses in wood and steel.

At present this matter is widely scattered in the various
comprehensive treatises on designing and in manufacturers’
pocket-books. The student who desires to master the ele-
ments of designing simple structures is thus compelled to
procure and refer to several more or less expensive books.

Students in mechanical and electrical engineering, as
a rule, learn but little of the methods of designing em-
ployed by students in civil engineering. For this reason
the writer has been called upon for several years to give a
short course in roof-truss design to all students in the Junior
class of the Rose Polytechnic Institute, and in order to do
so he has been compelled to collect the data he has given
in .this book.

The tables giving the properties of standard shapes are
based upon sections rolled by the Cambria Steel Company.
Standard sections rolled by other manufacturers have
practically the same dimensions.

' MALVERD A. HOWE.
TERRE HAUTE, IND., September, 1902.
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GRAPHICS.

CHAPTER 1L
GENERAL PRINCIPLES AND METHODS.

1. Equilibrium.—Forces acting upon a rigid body are
in equilibrium when the body has neither motion of trans-
lation nor rotation.

For forces which lie in the same plane the above condi-
tions may be stated as follows:

(a) There will be no motion of translation when the
algebraic sums of the components of ‘the forces resolved
parallel to any two coordinate axes are zero. For conve-
nience the axes are usually taken vertical and horizontal,
then the vertical components equal zero and the horizontal
components equal zero.

(b) There will be no motion of rotation when the
algebraic sum of the moments of the forces about any
center of moments is zero.

2. The Force Polygon.—Let AB, BC, CD, and DA,
Fig. 1, be any number of forces in equilibrium.‘ If these
forces are laid off to a common scale in succession, par-
allel to the directions in Fig. 1, a closed figure will be formed
as shown in Fig. 1a. This must be true if the algebraic
sums of the vertical and® horizontal components respect-
ively equal zero and there is no motion of translation.
Such a figure is called a force polygon.
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Conversely, if any number of forces are laid off as ex-
plained above and a closed figure is formed, the forces are

A

D

Fic. 1. Fi1G. 1a.

in equilibrium as far as motion of translation is concerned.
Motion of rotation may exist, however, when the above
condition obtains.

3. Forces Not in Equilibrium.—In case a number of

FIG. 2. forces, not in equilibrium, are
known in direction and magni-
tude, the principle of the force
polygon (Art. 2) makes it pos-
sible to at once determine the
magnitude and direction of the
force necessary to produce equi-
librium.

Let AB, BC,...,DE be
forces not in equilibrium, Fig. 2.
According to Art. 2, lay them
off on some convenient scale,

as shown in Fig. 2a. Now in
order that the sum of the verti-
cal components shall equal zero a force must be introduced

F1G. 2a. Fic. 26.
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having a vertical component equal to the vertical distance
between E and A, and in order that the horizontal com-
ponents may equal zero the horizontal component of
this force must equal the horizontal distance between E
and A. These conditions are satisfied by the force EA.
If this force acts in the direction shown by the arrow-head
in Fig. 2a, it will keep the given forces in equilibrium (Art.
2). If it acts in the opposite direction, its effect will be the
same as the given forces, and hence when so acting it is
called the resultant.

Fig. 2b shows the force polygon for the above forces
drawn in a different order. The magnitude and direction
of R is the same as found in Fig. 2a.

4. Perfect Equilibrium.—Let the forces AB, BC, ...,
DE, Fig. 2, act upon a rigid body. Evidently the force R,
found above (Art. 3), will prevent motion, either vertically
or horizontally, wherever it may be applied to the body.
This fulfills condition (a) (Art. 1). For perfect equilibrium
condition (b) (Art. 1) must also be satisfied. Hence
there must be found a point through which R may act so
that the algebraic sum of the moments of the forces given
and R, maybe zero. This point is found by means of the
equilibrium polygon.

5. The Equilibrium Polygon.—Draw the force polygon
(Art. 2) ABCDE, Fig. 3a, and from any convenient point
P draw the lines S, S,, ..., S;. If S, and S, be measured
with the scale of the force polygon, they represent the mag-
nitudes and directions of two forces which would keep AB
in equilibrium as far as translation is concerned, for they
form a closed figure with AB (Art. 2). Likewise S, and S,
would keep BC in equilibrium, etc. Now in Fig. 3 draw
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S, parallel to S, in Fig. 3a, S, parallel to S, in Fig. 3a, etc.,

"as shown. If forces be assumed to act along these lines

- having the magnitudes shown in Fig. 3a, respectively, the

points 1, 2, 3, and 4 will be without motion, since the forces
Fic. 3.

FiG. 3a.

meeting at each point are in equilibrium against translation
by construction, and, since they meet in a point, there can
be no rotation. '

In Fig. 3a, S, and S, form a closed figure with R; there-
fore if, in Fig. 3, S, and S; be prolonged until they intersect
in the point , this point will be free of all motion under the
action of the forces S,, S;, and R.

Since the points 1, 2, 3, 4, and r in Fig. 3 have neither
motion of translation nor rotation, if the forces AB, BC,CD,
and DE and the force R be applieci to a rigid body in the
relative positions shown in Fig. 3, this body will’have no
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motion under their action. The forces S, and S; keep the
system ABCD in equilibrium and can be replaced by R.

The lines S,, S,, etc., in Fig. 3a are for convenience
called strings, and the polygon S,, S,, S,, etc., in Fig. 3 is
called the equilibrium polygon.

The point P in Fig. 3a is called the pole.

6. Application of the Equilibrium Polygon in Finding
Reactions.—Let a rigid body be supported at K and
K’, Fig. 4, and acted upon by the forces AB, BC, CD, and

F16. 4.

2

et
5

-

——————p -
»

)
L
|

Fi1G. 4a.

DE. Then, if equilibrium exists, it is clear that two forces,
one at each support, must keep the forces AB, BC, etc., in
equilibrium. These two forces are called reactions. For
convenience designate the one upon the left as R, and the
one upon the right as R,. The magnitudes of R, and R,
can be found in the following manner: Construct the force
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polygon and draw the strings S,, S,, etc., as shown in Fig.
4a, and then construct the equilibrium polygon (Art. s)
as shown in Fig. 4. Unless some special condition is intro-
duced the reactions R, and R, will be parallel to EA, Fig.
4a, and their sum equal the magnitude of EA, or the re-
sultant of the forces AB, BC, CD, DE. Draw through K
and K’ lines parallel to R, and, if necessary, prolong the
line S, until it cuts oK, Fig. 4, and S; until it cuts 5K’.
Connect o and 5, and in Fig. 4a, draw the string S, parallel
to os, F1g 4, until it cuts EA in L. Now, since S|, S,, and
AL form a closed figure in Fig. 4a, the point o in Fig. 4
will be in equilibrium under the action of these three
forces. For a like reason the point 5 will be in equi-
librium under the action of the three forces S,, S,, and
EL. Therefore the reaction R, = AL and R, = LE, and
the body M will be in equilibrium under the action of the
forces AB, BC, CD, DE, R, and R,.

It may not be perfectly clear that no rotation can take
place from the above demonstration, though there can be
no translation since R, 4+ R, = EA, the force necessary to
prevent translation under the action of the forces AB, BC,
CD, and DE.

To provel that rotation cannot take place let the forces
AB, BC, etc., be replaced by their resultant R, acting down-
ward, as shown in Fig. 4.

If no rotation takes place (Art. 1),

bK’

RGK’) = R,(@K") or R, = —gzR.

From the similar triangles ods, Fig. 4, and PAL, Fig. 4a,

ds:aK'::R,:H or R,aK' = H(ds).
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From the similar triangles cds, Fig. 4, and PAE, Fig. 4a,

ds:bK’ ::R:H or R(bK') = H(ds).

R,(aK’) = RbK’ or R, = ::E,—R,

or the value of R, by the above construction fulfills the con-
dition that no rotation takes place.

7. Parallel Forces.—In case the forces AB, BC, etc.,
had been parallel the force polygon would become a straight
line and the line ABCD . .. E would coincide with EA.
All of the constructions and conclusions given above apply
to such an arrangement of forces. See Figs. 9 and ga.

8. The Direction of One Reaction Given, to Find the
Magnitude and Direction of the Other.—Let the direction
of R, be assumed as vertical, then the horizontal compo-

Fig s. Fi1G. s5a.

nent, if any, of all the forces acting must be applied at K.
The force polygon (Art. 2) becomes ABCDEX, as shown
in Fig. sa. Assume any pole P, and draw the strings S,,
S,, etc. In Fig. 5, construct the equilibrium polygon (Art.
5) as shown, starting with S,, passing through K, the only
point on R, which is known. Draw the closing line S, and in
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Fig. sa the string PL’ parallel to S, of Fig. 5. Then EL’ is
the magnitude of the vertical reaction R,, and L’A the mag-
nitude and direction of the reaction R,.

To show that there will be no rotation under the action
of the above forces let AB, BC, etc., be replaced by their
8 resultant Fig. 6. Then, in Fig. 5a, it is seen

that R, R,,and EA = R form a closed figure.

In Fig. 6, ED represents the direction and
Rs’ the relative position of the resultant R. If
no rotation takes place DE prolonged will
pass through the point B where R, and R,
A o —p intersect. Since in Fig. 6 the sum of angles

Fic. 6. BAE, EAD, and EDA equals the sum of the

angles PAL', APY,and AYP in Fig. 5sa, the angle ABD
between R, and ED produced in Fig. 6 must equal the
angle L’AY in Fig. sa. In like manner the angle CBD in
Fig. 6 equals the angle AEL’ in Fig. 5a. Consequently the
sum of the angles ABD, DBC, BCD, and BAD equals 180°
and DE produced passes through the point B.

9. Application of the Equilibrium Polygon in Finding
Centers of Gravity.—Let abc. ..k be an unsymmetrical
- body having the dimension normal to the paper equal unity.
Divide the area into rectangles or triangles whose centers
of gravity are readily determined. Compute the area of
each small figure, and assume that this area multiplied by
the weight of a unit mass is concentrated at the center of
. gravity of its respective area. These weights may now be
considered as parallel forces P,, P, and P,, acting as shown
in Fig. 7. The resultant of these forces must pass through
the center of gravity of the entire mass, and hence lies in
the lines R and R’ formed by constructing two equilibrium




GENERAL PRINCIPLES. AND METHODS. 9

:polygons for the forces P,, P,, and P,, first acting vertically
and then horizontally. The intersection of the lines R
and R’ is the center of gravity of the mass.

The load lines in Fig. 8 and Fig. 8a are not necessarily
at right angles, but such an arrangement determines the
point of intersection of R and R’ with a maximum degree
of .accuracy, since they intersect at right angles,

Fie. 8. .

In the above constructions the weight of a unit mass
is a common factor, and hence may be omitted and the
areas alone of the small figures be used as the values of P,,
P,, and P,

10. Application of the Equilibrium Polygon in Finding
Moments of Parallel Forces.—Let AB, BC,..., EF be
any number of parallel forces, and M’ and N’ two points
through which R, and R, pass (Fig. 9). Construct the force
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polygon Fig. ga, and select some point P as a pole, so that
the perpendicular distance H from the load line is 1000,
10000, or some similar quantity. Construct the equilibrium
polygon Fig. g as explained in previous articles.

Suppose the moment of AB, BC, and CD about M’ as
a center of moments is desired. The moment equals
AB(a,) + BC(a,) + CD(a,) = M,,. Prolong the lines S,,

F1G. 9.

FiG. ga.

S,, and S, until they cut a line through M’ parallel to AB,
BC, etc.
From the triangles M A1, Fig. 9, and ABP, Fig. ga,
aM:a,:: AB:H or AB(a,) = H(aM).
From the triangles abz, Fig. 9, and BCP, Fig. ga,
’ ab:a,:: BC:H or. BC(a,) = H(ab).
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From the triangles bc3, Fig. 9, and CDP, Fig. ga,
bc:a,::CD:H or CD(a,) = H(be).
Or

AB(a,)+BC(a,) +CD(a,) =M, =H(aM +ab+bc)=H(Mc).

From this it is seen that the moment of any force equals
the ordinate measured on a line passing through the center
of moments, and pérallel to the given force, which is cut
off between the two sides of the equilibrium polygon which
are parallel to the two strings drawn from the pole P (pro-
longed if necessary until they cut this line) to the ex-
tremities of the load in Fig. 9a; multiplied by the pole
distance H. For a combination of loads the ordinate to
be multiplied by H is the algebraic sum of the ordinates
for each load; the loads acting downward having ordi-
nates of one kind, and those acting upward of the opposite
kind. , .

To illustrate, let the moment of R,, AB, BC, and CD
about g be required. In Fig. ga the strings S, and S, are
drawn from the extremities of R,, hence in Fig. 9 the or-
dinate gg’ multiplied by H is the moment of R about g as
a center of moments.

The strings S, and S, are the extreme strings for AB,
BC, CD, and hence the ordinate g’4 multiplied by H is the
moment of these forces. Now since the reaction acts up-
ward and the forces AB, BC, and CD act downward, the
ordinate g4 multiplied by H is the moment of the com-
bination.

The above property of the equilibrium polygon is very
convenient in finding the moments of unequal loads spaced
at unequal intervals, as is the case where a locomotive stands
upon a girder bridge. '
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11. Graphical Multiplication.—Let the sum of the
products a.b,, ab,, etc., be required. The method of the
previous article can be readily applied in the solution of
this problem. Let b,. b,, etc., be taken as loads and a,, a,,
etc., as the lever—arms of these loads about any convenient
point as shown in Fig. 10. Then H(ab) = a,b,, H(bc) =a,,

bl b’ b‘ 1b4

F1c. 10. F1G. 104,

b,, etc., and finally H(ae) = =(ab), or the algebraic sum of
the products a,b,, a,b,, etc.

In case =(ba?) is desired, the ordinates ab, bc, etc.,can be
taken as loads replacing b,, b,, etc., in Fig. 10. For con-
venience take a pole distance H’ equal to that used before
and draw the polygon S/, S,/, etc., then (e¢/)H? = 2(ba?.

12. To Draw an Equilibrium Polygon through Three
Given Points.—Given the forces AB, BC, CD, and DE, it is
required to pass an equilibrium polygon through the points
X,Y,and Z. Construct the force polygon Fig. 11a, and
through X and Y draw lines parallel to EA. Then, start-
ing with S;, passing through Y, construct the equilibrium -
polygon Fig. 11, drawing the closing line S,. In Fig. 110
there result the two reactions R, and R, when a line is
drawn through P parallel to S, of Fig. 11. Since the values
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of R, and R, remain constant for the given loads, the pole
from which the strings in Fig. 11a are drawn must lie upon
a line drawn from L parallel to a line S,”” connecting X and
Y in Fig. 11. That is, S,” is the position of the closing line
for all polygons passing through X and Y, and the pole can
be taken anywhere upon the line P’L in Fig. 11a. In order
that the polygon may also pass through Z take the loads
upon the right of Z and find their resultant EB, and through
Z draw a line parallel to EB. Assume Z and Y to be two

F1G. 11. FiG. 110.

points through which it is desired to pass an equilibrium
polygon. Proceeding as in the first case, the pole must lie
somewhere upon the line L’P’, Fig. 11a, drawn parallel to
aY, Fig. 11. Then if a polygon with its pole in LP’ passes
through. X and Y, and one with its pole in L'P’ passes
through Z, the polygon with a pole at the intersection of
these lines in P’ will pass through the three points X, Y,
and Z.



ROOF-TRUSSES.

CHAPTER II.
BEAMS AND TRUSSES.

13. Vertical Loads on a Horizontal Beam: Reactions
and Moments of the Outside Forces.—Let the beam XY
support the loads AB, BC, etc., Fig. 12, and let the ends of

]

(]

]

ic

L)
Fi1G. 12. :

]

1

m

the beam rest upon supports X and Y. Required the reactions
R, and R,, neglecting the weight of the beam. In order
that the beam remains in place free from all motion the
outside forces AB, BC, etc., with R, and R, must fulfill
the conditions of Art. 1. Proceeding according to Art. 6,
the force polygon ABCDEF is constructed, any point P
taken as a pole, and the strings S, . ... S; drawn, Fig. 12a.
Then, in Fig. 12, the equilibrium polygon is constructed,
14
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the closing line S, drawn, and, parallel to this line, LP is
drawn in Fig. 12a, cutting the line AF into two parts; LA
being the value of R,, and LF the value of R,.

The moment about any point in the vertical passing
through any point x is readily found by Art. 10:

M.=Rx—AB(x—a,)— BC(x+— a,) = (mn)H
= the moment of the outside forces.

14. Vertical Loads on a Simple Roof-truss: Structure
Considered as a Whole.—In this case the method of pro-
cedure is precisely that given in Art. 1o0. The reactions
R, and R, will of course be equal if the loads are equal and

symmetrically placed about the center of the truss. This
being known, the pole P may be taken on a horizontal line
drawn through L, Fig. 13a, and then the closing line S, in
Fig. 13 will be horizontal. The closing line may be made
horizontal in any case by taking the pole P horizontally
opposite L, which divides the load line into the two reac-
tions.

It is evident from what precedes that the particular
shape of the truss or its inside bracing has no influence
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upon the values of R, R,, and the ordinates to the equilib-
rium polygon. However, the internal bracing must have
sufficient strength to resist the action of the outside forces
and keep each point of the truss in equilibrium.

15. Inclined Loads on a Simple Roof-truss: Structure
Considered as a Whole.—The case shown in Fig. 14 is that
usually assumed for the action of wind upon a roof-truss,

the truss being supported at X and Y. The directions of
R, and R, will be parallel to AD of Fig. 14a. The deter-
mination of the values of R, and R, is easily accomplished
by Art. 10, as shown in Figs. 14 and 14a.

16. Inclined Loads on a Simple Roof-fruss, One
Reaction Given in Direction: Structure Considered as a
Whole.—Suppose the roof-truss to be supported upon
rollers at Y. Then the reaction: R, is vertical if the rollers
are on a horizontal plane. The only point in R, which is
known is the point of support X through which it must
pass. Drawing the equilibrium polygon through this point,
S, cuts the direction of R, in Y’, and XY” is the closing line,
Fig. 15. At Y’, which is by construction in equilibrium,
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there are three forces acting having the directions S, S,
and R,, and these forces must make a closed figure; hence,
in Fig. 15a, DL is the magnitude of R,. Since R, must
close the force polygon, LX is the magnitude and direction
of R,. ' '

F1G. 15.

If the rollers had been at X instead of Y, the method of
procedure would have been quite similar. The equilibrium
polygon would have passed through Y and ended upon a

‘vertical through X, and the string S, would have cut off
the value of R, on a vertical drawn through X, Fig. 15a.

17. Relation between the Values of R, in Articles 15
and 16.—In Article 15, R, can be replaced by its vertical
and horizontal components without altering the existing
equilibrium. If the supports are in a horizontal plane, the
horizontal component can be applied at X instead of YV
without in any way changing the equilibrium of the struc-
ture as a whole. Therefore the vertical component of R,,
as found in Art. 15, is the same in value as the R, found in
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Art. 16. This fact makes it unnecessary to go through the
constructions of Art. 16 when those of Art. 15 are at hand.
The constructions necessary to determine R, and R, of
Art. 16 are shown by the dotted lines in Fig. 15a.

18. Internal Equilibrium and Stresses.—As previously
stated (Art. 14), although the structure as a whole may be
in equilibrium, it“s necessary that the internal framework
shall have sufficient strength to resist the stresses caused

‘ ) FI1G 16¢. .
B
8
A
b
., a b ‘
B
b
F1G. 16a. F1G. 165. FiG. 164d.

by the outside forces. For example, in Fig. 16, at the point
X, R, acts upward and the point is kept in equilibrium by
the forces transmitted by the pieces Aa and La, parts of
the frame. Suppose for the moment that these pieces be
replaced by the stresses they transmit, as in Fig. 16a. The
angular directions of these forces are known, but their mag-
nitudes and character are as yet unknown. Now, since X
is in equilibrium under the action of the forces R,, Aa, and
La, these forces must form a closed figure (Art. 2). Lay
off R, or LA, as shown in Fig. 16b, and then through A
draw a line Aa parallel to Aa, Fig. 16 or 16a, and through
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L a line parallel to La, Fig. 16 or 16b; then La and Aa are
the magnitudes of the two stresses desired. Since in form-
ing the closed figure Fig. 16b the forces are laid off in their
true directions, one after the other, the directions will be as
shown by the arrow-heads. If these arrow-heads be trans-
ferred to Fig. 16a, it is seen that Aa acts toward X, and
consequently the piece Aa'in the frame Fig. 16 is in com-
pression, and in like marnner the piece La is in tension.

Passing to point U,, Fig. 16, and treating it in a similar
manner, it appears that there are four forces acting to pro-
duce equilibrium, two of which are known, namely, the
outside force AB and the inside stress in Aa.

Fig. 16¢ shows the closed polygon for finding the mag-
nitudes and directions of the stresses in ab and Bb.

Since Fig. 16b contains some of the lines found in Fig.
16¢, the two figures can be combined as shown in Fig. 16d.

In finding the actual directions of the stresses, the forces
acting around any given point must be considered independ-
ently in their own closed polygon. Although Fig. 16d con-
tains all the lines necessary for the determination of the
stresses around X and the point U,, yet the stress diagram
for one point is independent of that for the other, for Figs.
16b and 16¢ can be drawn to entirely different scales if the
diagrams are not combined.

The remaining points of the truss can be treated in the
manner outlined above and the stress in each member
found. Separate stress diag‘rains may be constructed for
each point, or a combination diagram employed. Since,
in case of the inside stresses, the forces meet in a point and
there can be no revolution, there remain but two condi-
tions of equilibrium, namely, the sum of the vertical com-
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ponents of all the forces must.equal zero, and the same
condition for the horizontal components, This being the
case, if there are more than two unknowns among the forces
acting at any point being considered, the problem cannot
be solved by the above method.

19. Inside Forces Treated as Outside Forces. —Suppose
the truss shown in Fig. 17 is cut into two parts along the line
aa, then the left portion remains in equilibrium as long as
the pieces Dd, dg, and gL transmit to the frame the stresses

F1G. 17. F1G. 17a.

which actually existed before the cut was made. This
condition may be represented by Fig. 17a. The stresses
Dd, dg, and gL may now be considered as outside forccs,
and with the other outside forces they keep the structure
as a whole in equilibrium, consequently the internal ar-
rangement of the frame will have no influence upon the
magnitudes of these forces. Equilibrium would still exist
if the frame were of the shape shown in Fig. 17b and 17¥’.

Fig. 17¢ shows the stress diagrams for the two cases
shown, and also for the original arrangement of the pieces
as shown in Fig. 17.

20. More than Two Unknown Forces Meeting at a
Point.—Taking each point in turn, commencing with X, the
stress diagrams are readily formed until point U, of Fig. 17
isreached. Here three unknowns are found, and hence the




BEAMS AND TRUSSES. 21

problem becomes indeterminate by the usual method. If
now the method of Art. 19 is adopted, the bracing changed,

Fi1G. 175,

Fi1G. 17¥'. Fi1G. 17¢.

and the stresses in Dd, gd, and Lg found, the problem can -
be solved by working back from these stresses to the point
U,, as shown in Fig. 17¢.

.



CHAPTER III.
STRENGTH OF MATERIALS.

21. Wood in Compression: Columns or Struts.—When
a piece of wood over fifteen diameters in length is subject to
compression, the total load or stress required to produce
failure depends upon the kind of wood and the ratio of the
least dimension to its length. If the strut is circular in
cross-section, then its least dimension is the diameter of
this section; if rectangular in section, then the least dimen-
sion is the smaller side of the rectangular section. The
above statements apply to the usual forms of timber which
are uniform in cross-section from end to end.

A piece of oak 6” X 8” X 120” long requires about
twice the load to produce failure that a similar piece 300"
long requires.

A piece of oak 3" X 8” X 120” requires but about
one third the load that a piece 6” X 8” X 120” requires
for failure.

The actual ultimate strengths of the various woods
used in structures have been determined experimentally
and numerous formulas devised to represent these results.
One of the later formulas, based upon the formula of A. L.
Johnson, C.E., U. S. Department of Agriculture, Divisiorn
of Forestry, is

P =Fx 100+ 15

B 700 + 15¢ + ¢*’
22
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where P = the ultimate strength in pounds per square
inch of the cross-section of a strut or column;

F = the ultimate strength per square inch of wood
in short pieces;
¢ — ! _length of column in inches

d least dimension in inches °

A table of the values of P is given on page 24.

The factor of safety to be used with this table depends
upon the class of structure in which the wood is employed.

The following statements are made in Bulletin No. 12,
U. S. Department of Agriculture, Division of Forestry:

‘““Since the strength of timber varies very greatly with
the moisture contents (see Bulletin 8 of the Forestry Divi-
sion), the economical designing of such structures will neces-
sitate their being separated into groups according to the
maximum moisture contents in use.

MOISTURE CLASSIFICATION.

“Class A (moisture contents, 18 per cent.)—Structures
freely exposed to the weather, such as railway trestles, un-
covered bridges, etc.

“Class B (moisture contents, 15 per cent. )—Structures
under roof but without side shelter, freely exposed to out-
side air, but protected from rain, such as roof-trusses of
open shops and sheds, covered bridges over streams, etc.

“Class C (moisture contents, 12 per cent.)—Structures
in buildings unheated, but more or less protected from out-
side air, such as roof-trusses or barns, enclosed shops and
sheds, etc. :

“Class D (moisture contents, 1o per cent.)—Structures
in buildings at all times protected from the outside air,



‘24 ROOF -TRUSSES.
ULTIMATE STRENGTH OF COLUMNS. VALUES OF P.
ULTIMATE STRENGTH IN POUNDS PER' SQ(;AII INCH,
S,
Somhery Long e, ke
l Douglas, Ore- | Yellow Pine, i P::e' Igmey
J |fonand Taah- | Canadiag (OF | White Oak. |, (¥R, FEur  White Pine.
ir or Pine. | Pine, Canadian CyHmhé K
(Ontanio) Red Cahfornia Red.'
wood, California
Spruce. )
F = 6000 F = 5000 F = 4500 F = 4000 F = 3500
I 5992 4993 4494 3994 3495
2 5967 4973 4475 3978 3481
3 5928 4940 4446 3952 3458
4 5876 4897 4407 3918 3428
5 5813 4844 4359 3875 3301
6 5739 4782 4304 3826 3347
7 5656 4713 4242 3770 3299
8 5566 4638 4174 3710 3247
9 5469 4558 4102 3646 3190
10 5368 4474 4026 3579 3132
1z 5264 4386 3948 3509 3070
12 5156 . 4297 3807 3438 * 3008
13 5047 4206 3785 3365 2944
14 4937 4114 3703 3291 2880
‘15 4826 4022 3620 3217 2815
16 4716 3930 3537 3144 2751
17 4606 3838 3455 3071 2687
18 4498 3748 3373 2998 2624
19 4391 3659 3203 2927 2561
20 4286 3571 3214 2857 2500
21 4183 3486 3137 2788 2440
22 4082 3402 3061 2721 2381
23 3083 3320 2088 2656 2324
24 3888 3240 2916 2502 2268
25 3794 3162 2846 2529 2213
26 3703 3086 2777 2469 2160
27 3615 3013 2711 2410 2109
a8 3529 2941 2647 2353 2059
29 3446 2872 2585 2298 2010
30 3366 2805 2524 . 2244 1963
32 3212 2677 2409 2142 1874
33 3068 2557 2301 2042 1790
3 2934 2445 2200 195 1711
38 2808 2340 2106 1872 1638
40 2690 2241 2017 1793 1569
42 2579 2149 19034 1719 1505
. 44 2476 2003 1857 1650 1444
46 2379 1982 1784 1586 1388
48 2288 1907 1716 1525 1335
50 2203 1835 1652 1468 1285




. STRENGTH OF MATERIALS. 25

heated in the winter, such as roof-trusses in houses, halls,
churches, etc.”

Based upon the above classification of structures, the
following table has been computed.

Safety factors to be used with the table on page 24 in
order to obtain the safe loads for struts.

Class. Yellow Pine | All Others
. S | 0.20 | 0.20
DD > 2 0.23 0.22
G e e s eeeeererenneaecassssasnnnnnnn 0.28 0.24
L J e v ernnnannanans 0.31 0.25

All struts considered in this article are assumed to have
square ends.

ExaMPLE.—A white-pine column in a church is 12 feet
long and 12 inches square; what is the safe load per square
inch? I 12 X712

d .12
P = 3008 pounds per. square inch. Churches belong to
structures in Class D, and hence the factor of safety is o.25
and the safe load per square inch 3008 X o0.25 = 752
pounds. 752 X 144 = 108300 pounds is the total safe

= 12, and from the table on page 24

load for the column.

22. Metal in Compression: Columns or Struts.—Steel
is practically the only metal used in roof-trusses at the
present time, and, unless they are very heavy, angles
are employed to the exclusion of other rolled shapes.
The load required to cripple a steel column depends
upon several things, such as the kind of steel, the length,

the value of the least radius of gyration for the shape
“used (this is usually designated by the letter 7, and
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STRENGTH OF STEEL COLUMNS OR STRUTS

For VARIOUS VALUES OF % IN WHICH L = LENGTH IN FEET AND ¢ =
RADIUS OF GYRATION IN INCHES.
P =ultimate strength in lbs. per square inch.

FOR SOFT STEEL.

Square Bearing. Pin and 8quare Bearing. Pin Bearing.

_ 45,000 _45,000 . _ 45,000
P-l+(12 Iy P= L az D P—1+ (z Ly
36,0007 24,0001 18,0007

To obtain safe unit stress:
For quiescent loads, as in buildings, divide by 4.
For moving loads, as in bridges, divide by 5.

ULTIMATE STRENGTH IN POUNDS PER ULTIMATE STRRNGTH IN POUNDS PER
)i SQUARE INCH. L SQUAKs INCH.
r l Pi r "
in and Pin and :
Square. Square. Pin. Square. Squaic. Pin.

43437 42694 41978 ||12.0| 28553 24142 20911
43230 | 42305 41593 |[12.2| 28207 23771 20542
43011 42081 41100 || 12.4| 27863 23406 20179
42782 41754 40773 |[12.6| 27522 23046 19823
42543 41412 40340 |/ 12.8| 27183 22693 190474

Y-

42204 41058 39803 ||13.0| 26830 22343 19133
42035 40693 39435 |[13.2]| 26524 22005 18797
41765 40317 38966 ||13.4| 26189 21662 18469
41488 39930 38485 [[13.6| 25864 21329 18148
41203 39534 37908 |(13.8| 25543 21002 17833

OGN O

40910 39130 37500 ||14.0| 25224 20680 17523
40608 38807 36007 ||14.2| 24909 20363 17221
40299 38300 36488 |[14.4| 24508 20052 16925
30984 | 37874 | 35975 ||14.6] 24290 19746 | 16634
30663 37443 35457 || 14.8| 23985 10445 16350

39333 37006 34938 ||15.0| 23684 19148 16071
39003 | 36566 34416 || 15.2| 23387 18858 15799
38665 36122 33804 ||15.4| 23003 18572 15532
38323 35676 33371 ||15.6| 22803 18288 15270
37976 35219 32849 || 15. 22516 18015 15105

EX-Y )

37616 34776 32328 |, 16.0( 22234 17744 14764
37272 34324 31809 |/16.2| 21954 17478 14518
36914 33872 31292 || 16.4| 21678 17216 14279
36554 33410 30779 |/ 16.6| 21406 16960 14043
36103 32966 30268 i 16.8| 21137 16708 13812

VNIANT 00000 AAAAN ARIIE Wwww
OO\ N O

®od v o
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STRENGTH OF STEEL COLUMNS OR STRUTS—Continued.

ULTIMATE STRENGTH IN POUNDS PER ULTIMATE STRENGTH IN POUNDS PER
L SQUARE INCH. L SQUARE INCH.
r . r .
Square. 15"‘]';:;‘: Pin. Square, | Einand Pin.

8.0 35828 32514 29762 17.0( 20872 16459 13584
8.2 | 35462 32064 29260 || 17.2]| 20611 16216 13366
8.4| 35095 | 31615 | 28763 |/17.4| 20353 | 15077 | 13150
8.6 | 34727 31169 28272 17.6| 20098 15742 12938
8.8 34358 30724 27787 17.8| 19847 15512 12731
9.0 33088 30282 27306 |/ 18.0] 19500 15286 15258
9.2 33611 29844 26832 ![18.2! 19351 15003 12329
9.4 33249 20408 26364 | 18.4| 19114 14845 12135
9.6 | 32880 28977 25903 18.6| 18878 14630 11044
9.8| 32511 28549 25448 || 18.8| 18644 14420 11757
10.0 | 32143 28125 25000 |/ 19.0| 18418 14218 11579
10.2;, 31776 27706 24559 19.2| 18185 14010 11394
10.4 | 31411 27290 24125 19.4| 17961 13811 11219
10.6 | 31054 26879 23698 19.6| 17740 13616 11048
10.8 | 30684 26474 23279 19.8| 17519 13422 | 10877
11.0| 30324 26072 22866 20.0| 17308 13235 10715
II.2 | 29965 25675 22460 20.2| 17096 13050 10553
I1.4| 29608 25285 22063 || 20.4| 16888 12868 10434
11.6 | 20247 24899 21671 20.6| 16682 12690 10249
11.8 | 28903 24517 21288 20.8| 16480 12515 10087

the values are given in the manufacturers’ pocket-books),
the manner in which the ends are held, etc.

If a column has its end sections so fixed that they re-
main parallel, the column is said to be square-ended. If
both ends are held in place by pins which are parallel, the
column is said to be pin-ended. A column may have one
square end and one pin end.

The above table contains the ultimate strength per
square inch of SOFT-STEEL columns or struts.

To obtain the safe unit stress for MEDIUM STEEL:

For quiescent loads, as in buildings, divide by 3.6
For moving loads, as in bridges, divide by 4.5
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ExampLE.—What load will cripple a square-ended col-
umn of soft steel made of one standard 6” X 6" X §” angle
if the length of the strut is 1o feet?

From any of the pocket-books or the table at end of book

the value of 7 is 1.18 inches, then —f’— = I—I:—s = 8.5, and

from the table on page 27 P = 34800 pounds per square;
inch. The area of the angle is 5.75 square inches, hence
the crippling load is 5.75 X 34800 = 200100 pounds. The
safe load in a roof-truss is 200100 + 4 = 50025 pounds.
If medium steel had been used, the safe load becomes
200100 + 3.6 = 55600 pounds.

23. End Bearing of Wood.—When a stress is trans-
mitted to the ends of the fibers.there must be a sufficient
number to carry the load without too much compression
or bending over. To illustrate, let a load P be transmitted
through a metal plate to the end of a wooden column, then
the area b X d must be such that no crushing takes place.

In Fig. 18b the load is transmitted to the wooden strut
by means of a casting and round pin. The area of the
fibers taking the entire load P is b X d.

The following table gives the safe end-bearing values for
various woods:

1100 1200 1400 1600 . Lbs. per 8q. In.

White Pine | Northern or | White Oak Southern The values in

Short-leafYel- Long-leafPine| this table have a
low Pine, Red or Georgia | factor of safety
Pine, Norway Yellow Pine, | of §
Pine, Spruce, Douglas,

ress, Oregon and

Yellow Fir
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ExampLE.—In Fig 18 let b = 12 inches, d =.4 inches,
and suppose the wood to be white oak; what is the safe load
P? P =4 X 12 X 1400 = 67200 pounds.

7
O

I ol

Fic. 18. Fi1c. 185,

24. Bearing of Steel.—All that has been said concerning
the end bearing of wood applies to steel whenever rivets or
pins are harder than the steel through which they pass. In
roof-trusses the rivets and pins are seldom harder than the
angles or plates they connect. The bearing value used
in designing should be that for the softer material.

For soft or soft-medium steel the safe bearing value may
be taken as 20000 pounds per square inch.

TABLE OF SAFE BEARING VALUES.

BEARING VALUE FOR DIFFERENT THICKNKSSES OF PLATE IN INCHES AT
Diameter | Areain 20,000 POUNDS PER SQUARE INCH,
of Kivet. |Sq. Inches.

: Y vs ] g } et

.1105§ 1875 2344 2813
.1964 | 2500 3125 3750 | -4375 5000
.3068 | 3123 3906 4688 5469 6250 7031
.4418 | 3750 4688 5625 6563 7500 8438
.6013 | 4375 5469 6563 7656 8750 9844
I .7854 | 5000 6250 7500 87s0 10000 11250

ooy o ok A 0oy
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TABLE OF SAFE BEARING VALUES—Continued.

BEARING VALUE FOR DIFFERENT THICKNESSES OF PLATE IN INCHES AT
Diameter | Area in 20,000 FOUNDS PER SQUARE INCH.
of Rivet. | Sq. Ins. . _ ;
[ #® H b 1 1 x
3 .110§
3 .1964
£ .3068 | 7813
i .4418 | 0375 | 10313 | 11250
% .6013 | 10938 | 12031 | 13125 | 14219 | 15313 | 16406
b ¢ .7854 | 12500 | 13750 | 15000 | 16250 | 17500 | 18750 | 20000

25. Bearing Across the Fibers of Wood.—If a load P,
Fig. 19, be transmitted through a wooden corbel to a col-
umn, the area b X d, bearing directly upon the support,
must be sufficient to resist crushing. This is a point very
often overlooked in construction. In Fig. 19a the same

S G N
e _ AL

P
il
Fi16. 19. FiG 19a.
TABLE OF SAFE BEARING VALUES. v
150 200 250 300 350 | 500 | Lbs. per

Sq. In.

Hemlock| White Pine,| Northern| Douglas | Southern| White | The values
Red Pine, [or Short-| Fir, Ore- [Long-leaff Oak |in this table

Norway | leaf Yel-| gon Fir, [orGeorgia have a fac—
Pine, Spruce,| low Pine,| Yellow | Yellow tor of safety
Eastern Fir,| Chestnut Fir Pine of 4

Cypress,

Cedar, Cali-
fornia Red-
W

-
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conditions obtain. The washer must be of such a size that
‘the area bearing upon the wood shall properly distribute _
the stress transmitted by the rod. A table of safe bearing
values is given on page 30.

26. Bearing Across the Fibers of Steel. See Art. 24.

27. Longitudinal Shear of Wood.—In Fig. 20 let the
piece A push against the notch in B, then the tendency is
to push the portion above ba along the plane ba, or to shear
lengthwise a surface b in length and ¢ in width.

A similar condition exists in Fig. zoa. The splice may
fail by the shearing along the grain the two surfaces abc
and a’b’c’. A table of safe longitudinal shearing values is
given on page 32.

t 7

N

|

F1G. 20a.

28. Longitudinal Shear of Steel.—For all structures
considered in this book the longitudinal shear of steel is
fully provided for by the practical rules governing the spac-
ing of rivets, etc. See Table III.
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TABLE OF SAFE LONGITUDINAL SHEARING VALUES.

100 150 200 | Pounds In?" 8q.

White Pine, Northern| Southern Long- White Oak The values in
or Short-leaf Yel-| leaf or Georgia this table
low Pine, i Yellow Pine, have a factor
White Pine, Cana~ Red Fir, Chest- of safety of 4

dian Red Pine,| nut
Spruce, Eastern Fir,
emlock, California)

Redwood

29. Transverse Strength of Wood.—When a beam sup-
ported at the ends is loaded with concentrated loads, as
shown in Fig. 21, the max-

Al°l°l°l E,J/F'Z imum moment is readily
A

found by means of the equi-
librium polygon. Let this

>

8 ?.p\ﬂ“'s' moment be called M, then
° for rectangular beams
D
E
. M - a-Rbd’,

FieG. 21.

where M = the maximum moment in inch-pounds;
b = the breadth of the beam in inches;
d = the depth of the beam in inches;
R = the allowable or safe stress per square inch in
the extreme fiber.
If M is given in foot-pounds, then the second member
of the above equation becomes ,;Rbd?
For a uniformly distributed load

M = }wi* = }Rbd?,
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where w = the load per linear inch of épan;
I = the span in inches..

ExaMpLE.—An oak beam 6 inches deep has a span of 10
feet and carries a load of 100 pounds per linear foot. What

must be the breadth of the beam to safely carry the loa:

M = }wl’ =% X 100 X 10 X 10 = 1250 ft.-lbs. or 1t
in.-lbs.

M = }Rbd* = 15000 =} X 1000 X b X 6 X
or
15000
6000

b = = 2% inches.

Hence a 23” X 6” white-oak beam will safely carry
load; but the weight of the beam has been neglected,
consequently the breadth must be increased to, sajy
inches. A second calculation should now be made with
weight of the beam included.

TABLE OF SAFE VALUES OF R FOR WOOD.

600 700 , 750 800
Hemlock White Pine, California Red- Red Fir, Re
Norway Pine, wood Pine, Cypres
Spruce, Eastern Cedar, Chestn
Fir California Spr
1000 ' 1100 1200

‘White Oak, Northern Washington Fir or Southern Long-leaf
or Short-leaf Yellow Pine ( Fir) Georgia Yellow P

The above values are pounds per square inch. Fa
of safety 6.
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30. Transverse Strength of Steel Beams.—In the case
of steel beams
m =" _ ks,
v
where M = the maximum moment in inch-pounds;
I = the moment of inertia (given in the manufac-
turers’ pocket-books); :
v = the distance of the outermost fiber from the
neutral axis;
R = the safe stress in pounds per square inch in

the outermost fiber;

r., . .
S = ; Is given in the manufacturers’ pocket-books

for each shape rolled for the conditions
usually obtaining in practice. '
The safe value of R for soft steel may be taken as 16006
pounds.
ExampLE.—Suppose. the oak beam in Article 29 is re.
placed by a steel channel. What must be its size and
weight?

M = 15000 = RS = 16000S; .. S = 0.94

From any of the manufacturers’ pocket-books, a 3-inch
channel weighing 4 pounds per linear foot has S = 1.1.
The moment due to the weight of the channel is $wl? =
$ X 4 X 10 X 10 = 50 ft.-Ibs. or 600 in.-Ibs. ; hence the total
15600
16000

moment is 1 36oo inch-pounds, and S = = 0.98,

which is greater than the value required. This being the
case, a 3-inch channel weighing 4 pounds per foot will be
safe. (See Tables at end of book.)
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31. Special Case of the Bending Strength of Metal Pins.
—Where pins are used to connect several pieces, as in Fig.

n

* s
1'

34

F16. 22.

22, the moments of the outside forces can be determined
~in the usual way.

This moment M = %I = R(0.098d%),

‘where d = the diameter of the pin in inches;
R = the safe stress in the outer fiber in pounds per
square inch.

The table on page 36 gives the safe values of M for vari-
ous sizes of bolts or pins. For wrought iron use R = 15000,
and for steel use R = 25000. j

32. Shearing Across the Grain of Bolts, Rivets, and
Pins.—For wrought-iron bolts use 7500 pounds per square
inch, and for steel 10000 pounds. The safe shearing values
of rivets and bolts are given on page 36.
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MAXJMUM BENDING MOMENTS ON PINS WITH EXTREME
FIBER STRESSES,
VARYING FROM 15000 TO 25000 POUNDS PER SQUARE INCH.

A . MOMENTS IN INCH-POUNDS FOR FIBRE STRESSES OF
D":;"“ Area of Pin
[in in i9.59uare | 15000 Lbs. | 18000 Lbs. | 20000 Lbs. | 2aseo Lbs. | asoco Lbs.
id
neles que;n que{n qu.eln. que;n que;n
b ¢ .78s 1470 1770 1960 2210 2450
1} .904 2100 2520 2800 3150 3490
b ¢ 1.227 2900 3450 3830 4310 4790
1 1.485 3830 4590 §100 5740 6380
1 1.767 4970 5960 6630 7460 8280
b ¢ 2.074 6320 7580 8430 9 10530
b ¢ 2.40% 7890 9470 10520 11840 13150
1§ 2.761 9710 11650 12040 14560 16180
2 3.142 11780 14140 15710 17670 19630
2% 3.547 14130 1 18840 21200 23550
2 3.976 16770 20130 22370 25160 27960
2 4.430 19730 23670 26300 29590 32880
2 4.909 23010 27610 30680 34510 383350
2 5.412 26640 31960 35520 39960 44400
2 5.940 30630 36750 40830 45040 51040
2% 6.492 34990 41990 46660 52490 58320
3 7.069 39730 47680 52970 59600 66220
3t 7.670 44940 55930 59920 | 67410 74900
34 8.296 50550 60660 67400 75830 84250
3t 8.946 56610 67940 75480 84920 94350
3% 9.621 63140 75770 84180 94710 | 108230
3% 10.321 70150 84180 93530 105220 | 166910
3 11.045 77660 93190 | 103840 | 116490 | 120430
33 11.793 856090 | 102820 114250 128530 142810
4 12.566 04250 | 113100 128660 | 141370 157080
SAFE SHEARING VALUES OF RIVETS AND BOLTS.
Diam.|  Areain Single Shear | Double Shear | Single Shear | Double Shear
Rivet. | Square Inches. at 7500 lbs, at 15000 lbs. at 10000 lbs. at 20000 lbs.
$ .1108 828 1657 1108 2209
3 .1964 1473 2045 1964 3937
3 .30 2301 4602 3068 6136
3 .4418 3313 6627 4418 8836
.6013 4510 9020 6013 12026
1 7854 5801 11781 7854 15708
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33. Shearing Across the Grain of Wood.
SAFE TRANSVERSE SHEARING VALUES.
400 500 600 Lbs. per Sq. n,
Cedar, White Pine Hemlock Factor of safety 4
Chestnut
750 1000 1250 Lbs. per Sq. In,
%g;uce, White Oak, North-| Southern Long- | Factor of safety 4
tern ern or Short-leaf leaf or Georgia
Fir Yellow Pine Yellow Pine

34. Wood in Direct Tension.
SAFE TENSION VALUES.

Lbs. per
600 700 800 Square 1:’fnch.
Hemlock, White Pine, Cali- | Spruce, Eastern Fir, | Factor of
Cypress fornia Redwood Cedar safety 10
900 1000 1200 s qll‘l‘;; T
" Northern or White Oak, Southern Long- Factor of
Short-leaf ‘Washington Fir leaf or Georgia safety 10.
Yellow Pine, or Pine, Cana- Pine, Douglas Fir,
Red Pine, - dian White Pine Oregon Fir, Yel-
Chestnut and Red Pine low Fir

35. Steel and Wrought Iron in Direct Tension.—For
wrought iron use 12000 pounds per square inch, for steel
use 16000 pounds per square inch.



CHAPTER 1IV.
ROOF-TRUSSES AND THEIR DESIGN.

36. Preliminary Remarks.—Primarily the function of
a roof-truss is to support a covering over a large floor-space
which it is desirable to keep free of obstructions in the
shape of permanent columns, partitions, etc. Train-sheds,
power-houses, armories, large mill buildings, etc., are ex-
-amples of the class of buildings in which roof-trusses are
commonly employed.

The trusses span from side wall to side wall and are.
placed at intervals, depending to some extent upon the
architectural arrangement of openings in the walls and upon
the magnitude of the span. The top members of the
trusses are connected by members called purlins, running
usually at right angles to the planes of the trusses. The
purlins support pieces called rafters, which run parallel to
the trusses, and these carry the roof covering and any
other loadmg, such as snow and the effect of wind. )

The trusses, purlins, and rafters may be of wood steel
or a combination of the two materials. '

37. Roof Covering.—This may be of various materials
or their combinations, such as wood, slate, tin, copper, clay
tiles, corrugated iron, flat iron, gravel and tar, etc.

The weights given for roof coverings are usually per

square, which is 100 square feet.
38
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Tables I and II give the weights of various roof
coverings, v
38. Wind Loads.—The actual effect of the wind blowing
against inclined surfaces is not very well known. The
formulas in common use are given below:
Let 0 = angle of surface of roof with direction of wind;
F = force of wind in pounds per square foot;
A =, pressure normal to roof, = F sin q"8 0=t
B = pressure perpendicular to direction of the wind
= F cot 0 sin @*84cos? ;
C = pressure parallel to the direction of the wind
= F sin §=84cos?

(Carnegie.)

Angle 6 5° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° | go°

A=FX 0.125| 0.24| 0.45 0.66| 0.83| 0.95| 1.00| 1.02| 1.01

1.00
B=FX 0.122(.0.24| 0.42| 0.57 0.64| 0.61/ 0.50| 0.35/ 0.17 0.00
C=FX 0.010| 0.04| 0.15/ 0.33| 0.53| 0.73| 0.85| 0.96| 0.99| 1.00

39. Pitch of Roof.—The ratio of the rise to the span is

called the pitch, Fig. 23 The following table gives the
angles of roofs as commonly constructed:
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Pitch. Angle 6. Sin 6. Cos 6. Tan 6. Sec 6.
1/a 45° o 0.70711 0.70711 1.00000 1.41421
143 33° 41’ 0.55460 0.83a12 0.66650 1.20176

PYY 30° o 0. 50000 0.86603 0.57735 1.15470
1/4 26: 34: 0.44724 0.89441 0.50004 1.11805
1/s5 a1’ 48 0.37137 0.92849 0.39997 1.07702
1/6 18° 26’ 0.31620 0.94869 0.33330 1.05408

40. Transmission -of Loads to Roof-trusses.—Fig. 24
shows a common arrangement of trusses, purlins, and rafters,
so that all loads are finally concentrated at the apexes B, C,
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D, etc., of the truss. Then the total weight of covering,
rafters, and purlins included by the dotted lines mn, np, po,
and om will be concentrated at the vertex B. The total wind
load at the vertex B will be equal to the normal pressure
of the wind upon the area mnop.
" 41. Sizes of Timber.—Although any size of timber can
be obtained on a special order, yet it is more economical
so to design structures that only commercial sizes will be
required.

Commercial timber is commonly cut in even inches in
cross-section and even feet in length. For example,
2" X 12”7, 4" X 4", 4" X 12", 6” X 8" are commercial sizes,
and these can be obtained in lengths of 8'. 10’, 12/, 14/,
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etc. Certain sizes are cheaper when in particular lengths;
extra-long pieces are usually expensive. See Timber
Table XV. ,

42. Steel Shapes.—Only such shapes should be em-

.ployed as are marked standard in the manufacturers’ pocket-

books. These are readily obtained and cost less per pound

.than the “special” shapes.

Ordinarily all members of steel roof-trusses are com-
posed of two angles placed back to back, sufficient space

" being left between them to admit a plate for making con-

nections at the joints. See Tables IX-XII.

43. Round Rods.—In wooden trusses the vertical ten-
sion members, and diagonals when in tension, are made of
round rods. These rods should be upset at the ends so
that'when threads are cut for the nuts, the diameter of the
rod at the root of the thread is a little greater than the
diameter of the body of the rod. It is common practice .
to buy stub ends—that is, short pieces upset—and weld
these to the rods. Unless an extra-good blacksmith does
the work the upsets should be made upon the rod used,
without welds of any kind. Very long rods should not be
spliced by welding, but connected with sleeve-nuts or
turnbuckles.

Upset ends, turnbuckles, and sleeve-nuts are manu-
factured in standard sizes and can be purchased in the
open market. See Table VII.

44. Bolts.—The sizes of bolts commonly used in wooden
roof-trusses are §” and §” in diameter. Larger sizes are
sometimes more economical if readily obtained. §” and
3" bolts can be purchased almost anywhere. Care should
be taken to have as many bolts as possible of the same size,
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‘he use of several sizes in the same structure usually
ses trouble or delay. See Tables V and VI.

45. Rivets.—The rivets in steel structures should be
uniform diameter if possible, The practical sizes for
erent shapes are given in the manufacturers’ pocket-
ks. See Tables III, IV, and V.

46. Local Conditions.—In making a design local mar-
s should be considered. If material can be purchased
n local dealers, although not of the sizes desired, it
often happen that even when a greater amount of
local material is used than required by the design, the
U cost will be less than if special material, less in quan-
, had been purchased elsewhere. This is especially
: for small structures of wood.




CHAPTER V.
DESIGN OF A WOODEN ROOF-TRUSS.
47. Data.
Wind load = 40 pounds per square foot of vertical
' projection of ‘roof.

Snow load = 20 pounds per square foot of roof.

Covering = slate 14” long, }” thick =9.2 pounds
per square foot of roof.

Sheathing = long-leaf Southern pine, 13" thick =

‘ 4.22 pounds per square foot of roof.

Rafters = long-leaf Southern pine, 2” thick. -

Purlins = long-leaf Southern pine.

Truss = long-leaf Southern pine, for all mem-
bers except verticals in tension,
which will be of soft steel.

Distance c. to c. of trusses = 1o feet.

Pitch of roof = f

Form of truss as shown in Fig. 25.

43
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48. Allowable Stresses per Square Inch.

SOUTHERN LONG-LEAF PINE.

Tension with the grain,........... ... Art. 34,
End bearing...............ccciuunn Art. 23,
End bearing against pins. . ..................
Compression across the grain....... Art. 25,
Transverse stress—extreme fiber stress, Art. 29,
Shearing with the grain.......... ... Art. 27,
Shearing across the grain............ Art. 33,

Columns and Struts. Values given in Art. 21.

STEEL
Tension with the grain............ Art. 35,
Bearing for rivets and bolts........ Art. 24,
Transverse stress—extreme fiber stress, Art. 30,
Shearing across the grain.......... Art. 32,

Extreme fiber stress in bending (pins), Art. 31,

49. Rafters.—The leng;ch of each rafter c. to c. of purlins -

1200 lbs.
1600 Ibs,
2500 Ibs,

350 Ibs.
1200 Ibs.

150 lbs.
1250 lbs.

16000 ‘IbS..

20000 lbs,
16000 lbs.

10000 Ibs, -

25000 lbs,

is 1o X sec @ = 10 X 1.2 = 12 feet, and hence the area

mnop, Fig. 24, is 12 X 10 = 120 square feet,

VERTICAL LOADS.

Snow = 20.00 X 120 = 2400 Ibs,

Slate = 09.20 X 120 = 1104 Ibs.

Sheathing = 4.22 X 120 = 506 Ibs.

33 42 X 120 = 4010 lbs.

The normal component of this load is go10 X cos 0,

or 40re X 0.832 = 3336 pounds.
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The normal component of the wind is (Art. 38) about
40 X o.70 = 281bs. per square foot, and the total, 28 X 120
= 3360 lbs. :

The total normal load supported by the rafters, ex-
~ clusive of their own weight, = 3336 + 3360 = 6696 Ibs.
6696 + 12 = 558 Ibs. per linear foot of span of the rafters.

Since the thickness of the rafters has been taken as 2”,
either the number of the rafters or their depth must be as-
sumed.

Assuming the depth as 8" the load per linear foot which

each rafter can safely carry is (Art. 29)
fwl? = }Rbd*
' 12 X3w X 12 X 12 = } X 1200 X 2 X 8 X 8,

or w = 25600 = 118 Ibs.
216

558 + 118 = 5 = the number of 2” X 8" rafters required.

To allow for the weight of the rafters and the compo~

nent of the vertical load which acts along the rafter, six
- rafters will be used. If a rafter is placed immediately over

each truss, the spacing of the rafters will be 10 X 12 +

6 = 20 inches c. to c. .
: The weight of the raftersis [2 X 4 X 12]6 X 3.75 = 360
. Ibs. '

50. Purlins.—The total load normal to the roof carried.
by one purlin, exclusive of its own weight, is 6696 + 360 X
0.832 = 6996 lbs. This is concentrated in loads of 6996 =-°

6 = 1166 lbs., spaced 20” apart, as shown in Fig. 26.
The moment can be determined graphlcally (Art. 13),
or algebraically, as follows:
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Moment at center = 2915 X 60 — 1166 X 40 — 1166
X 20 = 104940 inch-pounds. Assume the purlin to be 10”
deep, then for each inch in thickness the maximum moment

g 8 8§ 8 %
0% a0 Lole 20 rte—202 st mrte 20"
Ry~ 2015

_-..m'

N Y

F1G. 26,

which it can safely resist is § Rbd* = } X 1200 X 1 X 10 X
10 = 20000 inch-pounds. '
104940
20000
the weight of the purlin and any force acting along the
rafters, the next commercial size will be used, or 6” X 10”.
The weight of the purlin is § X 10 X 3.75 = 188 Ibs.
51. Loads at Truss Apexes.—Exclusive of the weight
of . the truss the vertical load at each apex, U,, U,, U,, U,,
and U;, Fig. 25, is

= §.2” =the required width of purlin. To allow for

Snow, slate, sheathing........... ... Art. 49, 4o101bs.
RAfters.. o . oovveeeeeeinineeaennnns Art. 49, 360 lbs.
Purlins.......cooviiiviiiiiiiinnn.n. Art. 50, 1881bs.

4558 Ibs.

The weight in pounds of the truss may be found from
the formula W = $dL(1 + #; L), where d is ‘the distance
in feet c. to c.of trusses, and L the span in feet. Substitut-
ing fordand L,

W=4%X10X 460(1 + 4 X 60) = 3150 lbs. ‘

The full apex load is #4%° = 525 Ibs., and hence the
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total' vertical load at each apex U,-U,, inclusive, is 4558 +
525 = 5083 Ibs. In case the top chords of the end trusses
are cross-braced together to provide for wind pressure, etc.,
this load would be increased about 75 or 100 Ibs.

For convenience, and since the roof assumed will re-
qﬁire light trusses, the 4x loads will be increased to 6000
Ibs. In an actual case it would be economy to place the
trusses about 15 feet c. to c.

- The load at the supports is 8422 = 3000 Ibs.
Wind.—The wind load for apexes U, and U, is 3360 Ibs.

' (Art. 49); andat apexes Lyand U, the load is 8380 = ;680 Ibs.

For the deter_mmatlon of stresses let the wind apex load be
taken as 3400 Ibs., and the half load as 1700 lbs. |

In passing, attention may be called to the fact 'ihat the
weight of the truss is less than 10 per cent. of the! load it
has to support exclusive of the wind ; hence a shght error
in assuming the truss Welght -will not materially affect the
stresses in the several members of the truss.

52. Stresses in Truss Members.—Following the prin-
ciples explained in Chapter II, the stress in each piece is
readily determined, as indicated on Plate I. ‘

-~ Having found the stresses due to the vertical loads, the
wind loads when the wind blows from the left and when it
blows from the right, these stresses must be combined in
the manner which will produce the greatest stress in the
various members. The wind is assumed to blow but from
one direction at the same time; that is, the stress caused
by the wind from the right cannot be combined with the
stress due to the wind from the left.
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For convenience of reference the stresses are tabulated

here.
. . BSTRESSES.
Vertical Loads. ‘Wind Left. Wind Right. Maximum Stresses.

LU, +27200 417300 . +5600 + 34500
U,U, + 21700 + 5800 + 5600 +27500
U,U, +16300 + 4400 + 5600 420700
L.L, —22600 —8700 —2600 —31300
L.L, . —22600 —8700 —2600 —31300
LsL, —18100 —5600 —2600 —23700
U1L| o o o ’ o

oL —3000 —2000 o - —8§000
UsL, —12000 —4100 — 4100 —16100
Uil + 5400 + 3700 ] 9100
U,L, +7600 +5100 o 12700

. + signifies compression,
| 53. Sizes of Compression Members of Wood.
Piece L,U,. Stress = 4 34500.

This piece has the greatest stress of all the upper chords.
Since the ‘apex U, is held in position vertically by the truss
members, and horizontally by the purlins, the unsupported
length of L,U, as a column is 12 feet.

To determine the size a least dimension must be as- -
sumed and a trial calculation made. This will be better
explained by numerical calculations. '

Let the least dimension be assumed as 47, thengl -

\ v -1—2—2:—11 = 36, and from Art. 21, P = 2445 lbs. per square




( DESIGN OF A WOODEN ROOF-TRUSS.

mch The safe or allowable value is —1:- = 2445

5

49

t = 610

Ibs. per square inch. Hence 34500 + 610 = 55.5 = num-

ber of square inches required. If one dimension is 4”,

the

other must be 14”, or a piece 4” X 14" = 56 square inches,
12’ long, will safely carry the stress 34500 Ibs. This shape,
however, is not economical. The more nearly square the

strut is the more economical will it be if rectangular st

are used, provided the size is a commercial size.

Letd=6”,then; =12—>6<13=24 and P = :

making the safe load ﬁer square inch 3240 + 4 = 81¢
84880 = 42.6 = number of square inches in sectior
quired. A piece .6” X 6” is too small, hence a 6”
timber must be used. Note that a piece 4" X 14”
square ‘inches, and a piece 6” X 8” = 48 square inch
gain of 8 square inches.
- Note.—The sectional dimensions of commermal
ber are nominal, and all are slightly smaller when mea
mengs are taken of the actual timber. This, as w
- shrinkage, makes it impracticable to select timber v
may nominally have the required section. The next 1
size should always be taken.

Pieces U, U, and U,U,.
Stresses + 27500 and + zo700.

Letting d = 6”, 27500 + 810 = 34 square inches
quired. Now 6” X 6” = 36 square inches is the mini
number which can be used when d = 6”; hence a 6”
piece can be used. However, a change in size requi
splice, and usually the cost of bolts and labor for the :
exceeds the cost of the extra material used in conti
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the piece L,U, past the point U,. For this reason, and

because splices are always undesirable, the top chords of

roof-trusses are made- uniform in size for the maximum
of commercial timber, and, excepting in heavy
ae size of the piece L, U, is retained throughout the
i, even when one splice is necessary.
ustrate the method of procedure when the size is
suppose U,U, is of a different size from U, U,.
one dimension uniform the piece must be either

n one side. Try the least d as 4”, then —il= 36, and

L~ 610 Ibs. 20700 + 610 = 34 square inches

34 + 4 indicates that a 4”7 X 10” piece is neces-
t the other dimension was taken as 6”, therefore,
to retain this dimension a 6” X 6” piece must be

U,U, can also be 6” X 6", L,U, can be 6" X 87,

remainder of the rafter 6” X 6” in case a splice is
6” X 8” will be used throughout.
Piece U,L,. Stress = 4 g1oo0.

msupported length of this piece is 12 feet. Try

4", thenf = 610 and 9100 + 610 = 15 = the

of square inches required; hence a piece 4” X 4”
iare inches can be used. For appearance and
a piece 4” X 6” will be used.

Piece U,L,. Stress = + 12700.

unsupported length = 10.X 1.6667 = 16.67 feet,

8
16.67 X 12 ~ so0.01, P _ 1835 _

— 60 lbs.
4 4 s 4
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12700 + 460 = 28 = number of square incl
or a piece 4” X 8" must be used if d = 4”.

Try d = 6", then 5-334., §=&

r

12700+ 775=17 square inches required.
size where d =6" is 6” X 6” =36 square inches.
In this case a 4” X 8” is more economical in
4 square inches of section, but the extra mater
6" X 6” piece is more than balanced by its grea
and stiffuess. )
54. Sizes of Tension Members of Wood.

Pieces L,L, and L,L,. Stress = — 31

From Art. 34 the allowable stress per squ
Southern long-leaf pine is 1200 Ibs.

31300+ 1200=26.1 =the net number of sc
required. In order to connect the various p
apexes, considerable cutting must be done -
bolts, etc., and where the fibres are cut off the
to carry tensile stresses is destroyed. Practi
that in careful designing the net section must
by about 4, or in this case the area required is
square inches, therefore, a piece 6”7 X8” =48 sc
must be used. ’

Piece L,L,. Stress = — 23700.

In a similar manner this member can be p.
but since splices in tension members are very
owing to the large amount of material and lal
in making them, the best practice makes th

51
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minimum consistent with the market lengths of timber,
-and, consequently, in all but very large spans the bottom
chord is made uniform in size from end to end.
55. Sizes of Steel Tension Members.

Piece U,L,. Stress = o.

Although there is no stress in U,L,, yet, in order that
the bottom chord may be supported at L,, a round rod "
in diameter will be used.

Piece U,L,. Stress = — 5000.

The number of square inches required is (Art. 35), 5000 =+
16000 =0.31 square inches. A round rod $} inch in diam.
eter is required, exclusive of the material cut away by the
threads at the ends. The ‘area at the root of the threads
of a §” round rod is o0.42 square inches, ‘hence a §” round rod
will be used. (Table VII.)

" Piece U,L,. Stress = —16100.

16100 + 16000 = 1.06 square inches. A 13” round rod
has area of 1.227 square inches. This rod upset (Table
VII) to 18” at the ends will be used. = v

. If the rod is not upset a diameter of 13" must be used,
having an area of 1.057 square inches at the root of the
threads.

Note that the above rods have commercial sizes.

56. Design of Joint L,—With " Bolts—A common
form of joint at L, is shown in Fig. 26. The top chord rests
in a notch db in the bottom chord, and, usually, altogether
too much reliance is put in the strength of this detail. The
notch becomes useless when the fibres fail along db, or when

’

*
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~ the bottom chord shears along ab. The distance ab is quite
variable and depends upon the arrangement of rafters,
gutters, cornice, etc. Let about 12” be assumed in this

case, then it will safely resist a longitudinal shearing force

of 12 X 6 X 150 =10800 Ibs. (Art. 27). The area of the end
fibers due to the notch db equals 1§ X 6 = g square inches,

.. if dc=13". This will safely resist 13 X 6 X 1600 = 14400

';v Key., *
. 1-bolt, * ‘W.Oak filler é 1 bolt

’F :
&
3 c °
Lo
—t —, faria |
= ' X . “ m' . X ‘ ” ”
‘ ' : Hor. cofap. from bolts 6x6
" '3 3 -
> ” A 40! 6”x ’i P,l; /\4 x 6% }ZP].

, i ‘5c.t. v_gggber . ”

‘ - 'l oF l— 1t

F1G. 26. -~

‘Ibs. (Art. 23); but the wood would shear along ab before
‘this force could be realized, hence the value of the notch is
but 10800 lbs., leaving 34500— (10800)1.2 = 21500 lbs. to
be held in some other manner, in this case by §” bolts.

To save cutting the bottom chord for washers, and also
to increase the bearing upon the supports of the truss it is
-customary to use, a corbel or bolster, as shown in Fig. 26. 4

Let a single §” bolt be placed 6” from the end of the bot-

——— ——— e ——
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tom chord. This will prevent the starting of a crack at b,
and also assist in keeping the corbel in place.

If it is assumed that the bolt holes are slightly larger
than the bolts, the instant that any motion takes place
along be the bolts B will be subjected to tension. If friction
along be, and between the wood and the metal-plate washer
be neglected, the tension in the bolts may be determined by
resolving 34500 — 10800 sec 6 =21500 into two components,
one normal to the plane be, and the other in the direction
of the bolts. Doing this the tension in the bolts is found
to be about 40000 Ibs. See Fig. 26.

Since all friction has been neglected, the allowable ten-
sile strength per square inch of the bolts may be taken
somewhat larger than 16000 Ibs., or, say, 20000 lbs. * Then
the total area required is $333$=2.00 [(3”. The area at

the root of a thread of a §” bolt is 0.42 (1”7, hence :—'Zi; =5 =

the number of §” bolts required.

Each bolt resists a tension of 4242¢ = 8000 Ibs., and
hence the area of the washer bearing across the fibers of the
wood must be &% =23.0 (]” (Art. 25). As the standard
cast-iron washer has an area of but 11.0 (1”, a single steel
plate will be used for all the bolts. The total area including
5—1” holes for bolts will be 5(23+0.785) =119 [1”, and as
the top chord is 6” wide, the plate will be 6” X 20” =120 []”.

The proper thickness of this plate can be determined
approximately as follows:

The end of the plate may be considered as an over-
hanging beam fastened by the nuts or heads on the bolts
and loaded with 350 Ibs. per square inch of surface bearmg
agamst the wood.
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The distance from the end of the plate to the

nuts is about 3}”, and the moment at the nuts
350 X 6 X 3% X 3} X% = 11100 inch-pounds. This mt
equal § Rbd?= § Rbt* = § X 16000 X 6 X #*, or #*= {314}
o.70, and hence ¢ = 0.84” = §” about. A }” plate will
used (Art. 30).

The tension in the bolts must be properly transferr
to the corbel through adequate washers. Each bolt carr;
a tension of 42800 — 8000 Ibs.

The bolts in pairs transfer their stress partially agair
the end fibers of the wood over an area of 4 X 6 = 24 [
which will be considered adequate. The washer of t
single bolt bears across the grain and should have an ava
able area of 88%¢ =23 (1”. A cast-iron washer §” in dia
éter, and beveled as shown in Fig. 26, will be used.

The horizontal component of the tension in the bo.
having been transferred to the corbel, must now be trar
ferred to the bottom chord. This is done by two whi
oak keys 24” X 8” long. Each key will safely carry :
end fiber stress (Art. 23), of 13 X 6 X 1400 = 10500 1b
and two keys 2 X 10500, or 21000 lbs., or the total horizo
tal component of the stress in the bolts.
~ The safe longitudinal shear of each key is (Art. 2
6” X 8 X 200 = g6oo, and for both keys 2 X 9600 = 192
Ibs., a little less than the stress to be transferred.

The bearing of the keys against the end fibers of t.
corbel and the bottom chord is safe, as the safe value f
long-leaf Southern pine is greater than for white oak.

The safe longitudinal shear in the end of the botto
chord is about 6 X 12 X 150 =7200 lbs. exclusive of the -
bolt.. The safe strength at the right end of the corbel
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about the same. Between the keys there is ampie shear-
ing surface without any assistance from the ‘bolts in both
the corbel and the bottom chord. The:actual holding
power of the two bolts near the ends of the corbel is an un-
certain quantity, but it will be safe to assume they will
reinforce the action of the keys sufficiently to resist a stress
of 21000 lbs.

If the oak keys be replaced by metal keys, 23" X 23",
one placed at the right end of the first key and the other
at the left end of the second key. The two bolts men-
tioned above will simply prevent the keys from rolling
out of their seats, and the 21000 lbs. be provided for.

In order to prevent bending, and also to give a large
bearing surface for the vertical component of 34500 Ibs.,
a white oak filler is placed as shown in Fig. 26, and a small

.oak key employed to force it lightly into place.

‘.

The net area of the bottom chord must be 31390 =
26.1 {J” which inspection shows is exceeded at all sections
in' Fig. 26. '

The form of joint just considered is very common, but
almost always lacking in strength. In addition to the
notch, usually but one or two " bolts are used where

- five §” bolts are required. The writer has even seen trusses

where the bolts were omitted entirely. ,

The joint as designed would probably fail before either
the top or bottom chords gave out. If tested under a ver-
tical load, the top chord would act as a lever with its ful-
crum over the oak filler; this would throw an excessive
tension upon the lower pair of bolts, and they would fail
in the threads of the nuts.

Whenever longitudinal shear of wood must be depended
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upon, as in Fig. 26, bolts should always be used to bring
an initial compression upon the shearing surface, thereby
preventing to some extent season cracks.

56a. Design of Joint L,—Bolts and Metal Plates.—
The horizontal component of 34500 Ibs. is 28700 Ibs.,
which is transferred to the bottom chord by the two metal
teeth let into the chord as shown in Fig. 27. Let the first

4 P1. 6'wide

w, 7
] Bending 18000 Bending 190 Ay
=36 = —s1300*
D " L - "4
’ o o 6x8
13 —1

o

1 sx) ;
p : 6x6"x 46’ long |
’”
” :? ‘_'8_'| 1x6'x3 P4 f bolﬁts N
—— 18— o S W
l o J L4 'l
FiG. 27.

plate be ‘1”. thick and the notch 2” deep, then the safe mo-
ment at the point where it leaves the wood is $Rbt* =4 X
16000 X 6 X 1 X 1 = 16000 inch-pounds. '

A load of 16000 1bs. acting 1” from the bottom of the
tooth gives a moment of 16000 X 1 =16000inch-pounds. This

- load uniformly distributed over the tooth = ;6;°2=1 330

Ibs. per square inch; as this is less than 1600 Ibs., the safe
bearing against the end fibers of the wood, the value of the
tooth is 1330 X 12 = 16000 lbs. The shearing surface

) v

] N
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ahead of the tooth must be at least 1§§32 =108 [J”; and
since the chord is 6” thick, the length of this surface must-
be at least 1§8 =18”, which is exceeded in Fig. 27. '
- In like manner the value of the second tooth §” thick
is found to be 13000 lbs., and hence the value of both
. teeth is 16000+ 13000=29000 Ibs., which exceeds the
total horizontal component of 34500 1lbs. or 28700 Ibs.
_ The horizontal component 28700 Ibs. is transferred to
- the metal through the vertical plates at the end of the top
¢hord, and these are held in place by two §” bolts as shown.
Since less than two square inches of section are required
il the plates to resist by tension, it is evident that there is
ample provision for this.

To shear the plates a surface of 1 +i X 6 =10.5 (1" must
fail. The safe strength' is 10.5 X 10000 =105000 IbS.; OF
over three times 287oo Ibs. (Art 32). .

The net area of the bottom chord is 30 (0", Whlch €x-
ceeds the amount required.

The corbel is not absolutely necessary in this deta11 but
it sunphﬁes constructlon

" To keep the §” plate in place two " bolts are employed '
They also keep.the tooth in its proper position. ,

The teeth should usually be about twice their thick-
ness in depth as then the bending value of the metal about
equals the end bearing against the wood. This allows for
a slight rounding of the corners in bendmg the plates. :

Fig. 28 shows another form of joint using one §” plate.
The bolt near the heel of the plate resists any slight lifting
action of the toe of the top chord, and also assists somewhat:
in preventing any slipping towards the left.
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. F1c. 28.
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The vertical component of 32000 Ibs. is resisted by
the pin bearing across the fibers of the bottoni chord, and
by the usual rules the area is entirely too small. Experi-
ence shows, however, that when the fibers are confined at
the ends, as in this case, if the detail is safe in other

bolt
. Wholty
:,__-.Sls.egsjm.’ti_ _

b4 6"x6"x 4’6" long

10! a”
L L A

B
s

. ' Fie. 31,

particulars, failure will not take place by the crushing of
these fibers. TFailure usually takes place by the splitting
of the hottom chord through the pin-hole. .

The cast-iron saddle is large, as 32000 lbs. must be
distributed over the surface of the top chord, so that the
load per' square inch does not exceed 350 Ibs.

This joint has the bad feature that no adjustment is
readily made after it is assembled, other than by driving
the saddle up until it is tight. The probability is that the
notch carries the entire load until enough distortion has
taken place to bring the stirrup into.action.
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60. Design of Joint 7,,—Plate Stirrup and Pin.—Fig. 32.
—The method pursued in proportioning this type of joint

® . 'I 6"x6"x 86" long
. oy
e Tl L T
12" 4 - - l " l "
|

Fic. 32.

is the same as that followed in Art. 59. In this case the
stirrup takes the entire component of 34500 1bs., the 3”-bolt
merely keeps the members in place.

. Note that the hearing against the pin is about 2000 Ibs.

- per square inch of the wood fibers. It requires a 3”-pin

to reduce this to 1600 Ibs.

61. Design of Joint L ,—Steel Angle Block.—Fig. 33.—
This joint needs no explanation. Itsstrength dependsupon
the twd hooks and the shearing resistance in the bottom
chord. The diagonal §” bolt is introdu'ced to hold the block
in its seat, and to reinforce the portion in direct compression.
The top chord is kept in position by the top plate, and a

1”-round steel pin driven into the end and passing through
a hole in the block.
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62. Design of Joint L,—Cast-iron Angle Block.—At the -
“right, in Fig. 33, is shown a cast-iron angle block made of
3

$” or 1" metal. It isheld in place by two §"-inch bolts. The
hord is held in position by a cast-iron lug in the centre

0% ~Ling”
—31300* 2 Cast iron Angle Block
7 ‘I/ .
(P ¢’ 8 metal

6"x 40"ong

1 bolt
” a”

12 o

Fi1G. 33.

e block used to strengthen the portion of the block at
ght end. . )

1 all angle block joints care must be taken to have
ient bearing surface on top of the bottom chord to
7 carry the vertical component of the stress in the
hord. . : '

3. Design of Joint 7,—Special —It sometimes happens
trusses must be introduced between walls and the
concealed upon the outside. In this case the bottom
1 rarely extends far beyond the point of intersec-
of the center lines of the two chords. The simplest
1 for this condition is ;a flat plate stirrup and a pin,
jown in Pig. 34. As in Art. 60, a 37-pin is required
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65. Design of Wall Bearing.—In designing joint L,
" above, no consideration of the reaction at the support has
been considered. The vertical and horizontal forces at

:1 - — g bol! ~ 81900
:g__%@/_’ <A < - 4~136 bolts
p = L |

1

L, are shown on Plate I. The horizontal component is
3700 lbs, but about 1000 Ibs. of this is due to the 1700
Ibs. at L,, leaving 2700 lbs., which is the difference between
the horizontal component of the stress in the top chord
and the stress in the bottom chord. The corbel, or bolster,

1

FiG. 37.

must be so fastened to the support that 3700 lbs. may be

safely resisted. In most cases friction is sufficient, but as
an extra precaution it is best to notch the bolster, as shown
in the various designs. ‘ '

The total vertical load is 23500 lbs., and the beariné
area required is 23§42 =63 (J”. As the bolster is 6” thick
* the bearing should be 11” long for long-leaf Southern pine
and 8" long for oak. Usually there is ample hearing on
masonry walls. In frame buildings there may be a lack
of bearing surface, but if the stress does not exceed 500 or

.
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600 Ibs. per square inch, no trouble will result for the
harder woods.

66. Remarks Concerning the Designs for Joint L ,.—In
all of the above designs little or no account has been taken
of the friction between the various surfaces. This is justi-
fiable, because after the truss has been in position a few
months all nuts become loose, owing to the shrmkage of
the wood. In twelve inches of wood this often amounts
to more than one-half an inch.

All bolts and pins should have a driving fit and the
nuts on bolts be screwed up very tight. Whenever pos-
sible the nuts should be tightened at the end of three
months after erection, and again at the end of-a year.

It will be noticed that the full sizes of the timbers have
been used in dimensioning. These will not obtain in
market sizes, which will be from §” to 4” scant in size. A

. good carpenter will take this into account in framing.

67. Design of Joint U, —As the rafter is continuous
by this joint it will be necessary to consider only the ver-
tical rod and the inclined brace.

Since the stress of the rod is comparatively small, the
standard size of cast-iron washer can be employed to trans-
fer it to the rafter. Two forms of angle washers are shown
in Figs. 38 and 40. In Figs. 39 a bent plate washer is shown
which answers very well if let into the wood or made suf-
ficiently heavy so that the stress in the rod cannot change
the angles of the bends.

Where the inclined member is so nearly at right anglés
with the top chord as in this case, a square bearing, as
shown in Fig. 40, is all that is required if there is sufficient
bearing area. In this case there are 36 (1", which has a
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~ safe bearing value of 36X 350=12600 Ibs., which is within

100 Ibs. of being sufficient.

FiG. 38.

Fi1G. 39. .
Fig. 38 shows a method of increasing the bearing area
by means of a wrought plate, and Fig. 39 the same end

K

o
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reached with a cast-iron block. In all cases the strut should
be secured in place either by dowels, pins or other device.

Deeign of Joint U,.—The dmposmon of the *'
is evident from the Figs. 41, 42, and 43.

Fig. 41 shows the almost universal method employed
by carpenters in framing inclined braces, only they seldori-
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take care that the center lines of all pieces meet in a point
as they should.
If the thrust 9700 Ibs. be resolved into two components

F1G. 43.
respectively normal.to the dotted ends, it is found that a
notch 13" dég:p is required to safely take care of the com-
ponent parallel to the rafter. The component nearly nor-
.mal to the rafter is safely carried by about 20 [J”.
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Figs. 42 and 43 show the application of angle-blocks,
which really make much better connections, though some-
what more expensive, than the detail first described.

69. Design of Joint L, —Fig. 44 shows the ordmary
method of connecting the pieces at this joint. The hori-

/
q%

\Gf\&z diam.

Fic. 44.

zontal component of groo Ibs. is taken by a notch 1}”
deep and 4” long. The brace is fastened in place by a §”
lag-screw 8” long. The standard cast-iron washer, 3}” in
diameter, gives sufficient bearing area against the bottom
<hord for the stress in the vertical rod.

F1G. 45.

Fig. 45 shows a wooden angle-block let into the bottom
chord 1}”. The dotted tenon on the brace need not be

S
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over 2” thick to hold the brace in position. The prir
objection to the two details just described is that the
bearing against the brace is not central, but at one
thereby lowering the safe load which the brace can ca

Fig. 46 shows the applicafion of a cast-iron angle-t
The brace is cut at the end so that an area 4”X4” *

Fi1c. 46.

mits the stress to the angle-block. If the lugs
bottom of the block are 1}” deep! the horizontal compx
of the stress in the brace will be safely transmitted.

X
= -9 diam,

In Fig. 47 a §” bent plate is employed. This
requires a #” bolt passing through the brace and the b



ROOF -TRUSSES.

> make a solid connection. The use of the bolt
he end of the brace practically fixed, so that the
ay be assumed to be transmitted along the axis or
Jdesign of Joint L, and Hook Splice.—A very com-
thod of securing the two braces meeting at L, is
in Fig. 48, though they are rarely dapped into
or chord. This method does fairly well, excepting

16100%

14'rod 15¢"upset

/
~

et
<

. See F
1 H
—28700% 4 4 .S N
— TP
p 6x8 IS
Ser H f
= = R
12/1 mll
Fi1G. 48.

e wind blows and one brace has a much larger
1an the other. In this case the stresses are not
[, and the struts are held in place by friction and
1ess of the top chord. . .
washer for the 1}” rod upset to 18” must have an
18300 =45 (1", which is greater than the bearing
he standard cast-iron washer, so a 3” plate, 6” X 8”,
tsed.

1}
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It is customary to splice the bottom chord at thi
when a splice is necessary. The net area requ
#ptee = 20 [J”. The splice shown in Fig. 48 is on
monly used in old trusses, and depends entirely up
jongitudinal shear of the wood and the end bearing
fibers. . ‘

The total end bearing required is 28780 =15 (1",
- is obtained by two notches, each 1” deep as shown
total shearing area required is 23332 =158 [1”. Ded
bolt-holes, the area used is 2(8 X 12) —2(3) =186 (1"
three bolts used simply hold the pieces in place a
not intended to carry any stress.

Fig. 49 shows a similar splice where metal ke
used. The end-bearing area of the wood is the s:

R

@ 3% 8% 4'4"long %

D)% bolts
% |

1 hand ’

F@é 8" tagg
- _o_ /Metal key 2 x 2{x 9

0y
~¢

v
o
RN

X

V7.

F16. 49.

before, and the available area of the wood for longit
shear is sufficient, as shown by the dimensions given
net area of the side pieces is 2(2 X8) =32 [J”, wh:
20 []” are aci:ually required.

71. Design of Joint L, and Fish-plate Splice of
—In this case the braces are held in position by
and a wooden angle-block. The details of the verti

75
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no explanation, as they are the same as in Art. 7o.
plice is made up of two fish-plates of wood each 2” X
6” long and four 14” bolts. The net area of the fish-
v is 2(2X8)—2(2X14) =24 (17, while but 20[]” are
ed.

ich bolt resists in bending 23j20(1+4¢) = 7400 inch-

Fi1G. s50.

Is, which is less than the safe value, or 8280 inch-
Is (Art. 31). )
1e total end bearing of the wood fibers is 2(4X 2 X
24 (0”7, and that required 2z =15 [J”.

1e longitudinal shearing area of the wood and the
cerse shearing area of the bolts are evidently in excess
1t required. _ - .

1e nuts on the bolts may be considerably smaller than
andard size, as they merely keep the pieces in place. -
:ast-iron washer may be replaced by the small plate
ir, to make sure that no threads are in the wood;
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otherwise washers are not needed. The bolts should have
a driving fit. '

72. Design of Joint L, and. Fish-plate Splice of Metal.
—This detail, differing slightly from those previously given,
requires little additional explanation. A white-oak washer

N 2
—28700* v . :
¥ AN -t/
? @2 oL
LIS 74 e b
%‘i x 3 washe 34 Pl. 8 wide 4'long
7
6lx 8" \ 4x 5:)’;,%3
wi il mz!! N
k3 79 Lirs ) 4]

Fi1G. 51,

hasbeen introduced so that a smaller washer can be'used
for the vertical rod.

3{'metal

P2 . Fic. 52
A small cast-iron angle-block replaces the wooden block

of the previous article. The splice is essentially the same,
with metal fish-plates. Contrary to the usual practice,
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plate washers have been used under the nuts. This is to
make certain that the fish-plates bear against the bolt
proper and not against threads. If recessed bridge-pin
nuts are used, the washers can be omitted.

Fig. 52 shows another metal fish-plate splice where
four bolts have been replaced by one pin 24” in diameter.
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The struts bear against a cast-iron angle-block, with a
“pipe” for the vertical rod, which transmits its stress
directly to the block. Two pins in the centre of the block
keep the bottom chord in position laterally.
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73. Metal Splices: for Tension Members of Wood.—F'igs.
53 and 54 show two types of metal splices which have the
great advantage over all the splices described above that
they can be adjusted.
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74. General Remarks Concerning Splices.—There are
a large number of splices in common use which have not
been considered, for the reason that most of them are

.
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in design and usually very weak. In fact certain
plices are almost useless, and without «oubt the
s only prevented from failing by the stiffness of its
Design of Joint U,.—The design of this joint is
- shown in Figs. 55-58. No further explanation
necessary.

The Attachment of Purlins.—The details shown
590—63) are self-explanatory. In all cases the adja-
urlins should be tied together by straps as shown.
recaution may save serious damage during erection,
o other time.
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The patent hangers shown in Figs. 64, 65, 66, and 67
can be employed to advantage when the purlms are placed
between the top chords of the trusses.

.'77. The Complete Design.—Plate I shows a complete
design for the roof-truss, with stress diagrams and bills of

Fi1G. 6o.

material. The weight is about 1oo lbs. less than that as-
sumed. In dimensioning the drawing a sufficient number
of dimensions should be given to enable the carpenter to
lay off every piece, notch, bolt-hole, etc., without scaling



82 ROOF -TRUSSES.

from the drawing. To provide for settlement or sagging
due to shrinkage and the seating of the various pieces when

R g

FiG. 61.

' FiG. 62,

the loading comes upon the new truss, the top chord is
made somewhat longer than its computed length. From
3” to §” for each 10’ in length will be sufficient in most cases.
A truss so constructed is said to be cambered.
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. In computing the weights of the steel rods they have
been assumed to be of uniform diameter from end to end,
and increased in length an amount sufficient to provide
metal for the upsets. See Table VII.

The lengths of small bolts with heads should be given
from under the head to the end of the bolt, and the only
fraction of an inch used should be 3.

3 TI>RL. 412d spikes in each end
2'x %"

F16. 64. F1G. 65. F1G. 67.

Plate IT shows another arrangement of the web brac-
ing which has some advantages. The cofnpression mem-
bers are shorter, and consequently can be made lighter.
The bottom chord at the centre has a much smaller stress,
permitting the use of a cheap splice. On account of the
increase of metal the truss is not quite as economical as
that shown on Plate I. For very heavy trusses of mod-
erate span the second design with the dotted diagonal is
to be preferred.



CHAPTER VI.

DESIGN OF A STEEL ROOF-TRUSS.

78. Data.—Let the loading and arrangement of the
various parts of the roof be the same as in Chapter V,
and simply replace the wooden truss by a steel truss of the
shape shown on Plate III. Since there is but little dif-
ference between the weights of wooden and steel trusses of
the same strength, the stresses may be taken as found in
Chapter V and given on Plate III.

79. Allowable Stresses per Square Inch.

SOFT STEEL.

Tension with the grain.............. Art. 35, 16000 lbs.
Bearing for rivets and bolts........... Art. 24, 20000 Ibs.
Transverse stress—extreme fiber stress. Art. 30, 16000 lbs.
- Shearing across the grain........... Art. 32, 10000 lbs.
Extreme fiber stress in bending (pins).. Art. 31, 25000 lbs.

For compression use table, page 27, with a factor of
safety of 4.
80. Sizes of Compression Members.

Piece L,U,. Stress= + 34500 lbs.

The ordinary shape of the cross-section of compression
members in steel is shown on Plate III. Two angles are
placed back to back and separated by ” or §” to admit

gusset-plates, by means of which all members are connected
84
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at the apexes. Generally it is more economical to employ
unequal leg angles with the larger legs back to back.

Let the gusset-plates be assumed §” thick, then from
Table XIII the least radii of gyration of angles placed as
explained above can be taken.

Try two 33” X 24” X}” angles. From Table XIII the least
radius of gyration (r) is 1.09. The uﬁsupported length of

the piece L, U, in feet is 12, and hence I;' = ;I—z—g =r11.0. From
Art. 22, P=30324 lbs. for square-ended columns when
%= 12.4. 30324 +4=7581 Ibs. = the allowable stress per

square inch. 3% =4.55= number of square inches re-
quired. The two angles assumed have a total area of
2.88 square inches, hence another trial must be made. An
inspection of Table XIII shows that 1.09 is the least radius
of gyration for any pair of 334” X 24” angles placed §” apart,
as shown; hence if any pair of 33”X 24" angles gives suffi-
cient area, the pair will safely carry the load.

Two 34” X 23" X " angles have an area of 2X2.43 =4.86
square inches. - '

Angles with 24” legs do not have as much bearing for
purlins as those with longer legs, and sometimes are not as
economical. In this case, two 4” X 3” X 1" angles having an

-area of 4.18 square inches will safely carry 34500 Ibs.,

making a better and more economical combination than
that tried above. This combination will be used.

Thus far it has been assumed that the two angles act
as one piece. Evidently this cannot be the case unless
they are firmly connected. The least radius of gyration
of a single angle is about a diagonal axis as shown in
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Table XII, and for a 4" X 3" X" angle its value is 0.63.

If the unsupported length of a single angle is I, then in
order that the single angle shall have the same strength

as the combination above, —l— must eq L=9.2, or
0.63 1.30

l=5".8. Practice makes this length not more than §(s.8),
or about 4 feet. Hence the angles will be rigidly con-
nected by rivets every 4 feet.

Pieces U,U, and U,U,.
Owing to the slight differences in the stresses of the
top chords the entire chord is composed of the same com-

bination, or two 4" X 3” X {%” angles, having an area of 4.18
square inches.

Piece U,L,. Stress= + 10100.

Although it is common practice to employ but one
angle where the web stress is small, yet it is better prac-
tice to use two in order that the stress may not be trans-
mitted to one side of the gusset-plate.

The unsupported length of this piece is 13’.3. The
least radius of gyration of two 23” X 2” X}” angles is 0.94.

% = %39;2 =14.1, and, from Art. 22, P =about 25100. 2f}ee

=6270=the allowable stress per square inch. 12 =1.60
square inches required.

Two 24”7 X 2” X }” angles have an area of 2.12 square
inches, and hence are safe according to the strut formula.
For stiffness no compression member should have a dimen-
ston less than % of its length.

13.3X 12

% =3".2, or the long legs of the angles should
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be 3”.2,and the sum of the short legs not less than this
amount. Hence two 33” X 234" X1” angles, having arr area
of 2.88 square inches, must be used. Tie-rivets will be
used once in every four feet about.

Piece L,U, will be the same as L,U,.

Piece U,L,. Stress= 49100 lbs.

Two 3” X 2" X" angles = 2.38 square inches can evidently
be used, as the dimensions and stresses are slightly less than
for U,L,.

The least radius of gyration of a single 3”X2”X1”
angle is o0.43, hence they must be riveted together every
$(0.43)(13.2) =3.78 feet. Note that 2” legs can be used
here, as they will receive no rivets, while in the top chord
both angle legs will receive rivets as shown on Plate III.

81. Sizes of Tension Members.

Piece L,L,. Stress= — 31300 lbs.

The net area required is 3}33$ =1.96 square inches.
The same general form of section is used for tension members
as for compression members. In the compression members
the rivets were assumed to fill the holes and transmit the
stresses from one side of the holes to the other. In ten-
sion members this assumption cannot be made, for the
fibers are cut off by the rivet-hole, and consequently
cannot transmit any tensile stress across the rivet-holes.
This being the case, the two angles employed for tension
members must have an area over and above the net area
required equal to the area cut out or injured by the rivet-
holes. The diameter of rivet-holes is increased by #” in
calculating the area of the fibers destroyed by punching
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the hole. For a }” rivet the diameter of the hole is taken
as §”. See Table IV.

For this truss let all rivets be }”. For a trial let the
piece in hand (L,L,) be made up of two 3” X 24” X1” angles
having an area of 2.62 square inches. As shown by the
arrangement of rivets on Plate III, but one rivet-hole in one
leg of each angle must be deducted in getting the net area.
One §” rivet-hole reduces the area of two angles 2(§ X 1) =
0.44 square inch, and hence the net area of two 3” X 2”7 X 1’
angles is 2.62 —o0.44 =2.18 square inches, which is a little
greater than that required, and consequently can be safely
used.

Piece L,U,. Stress= — 17000 lbs.

}3888 =1.06 square inches net section required.

Two 24” X 2” X }” angles=2.12 square inches.

2.12—0.44=1.68 square inches net section. As this
is greater than the area required, and also the smallest
standard angle with 4” metal which can be conveniently
used with §” rivets, it will be employed.

Piece L,U,. Stress = — 16,300 lbs.

Use two 23” X 2” X }” angles having a gross area of 2.12
square inches and a net area of 1.68 square inches. :
- 82. Design of Joint L, Plate III.—The piece L,U,
must transfer a stress of 34500 lbs. to the gusset through a
number of }” rivets. These rivets may fail in two ways.
They may shear off or crush. If they shear off, two sur-
faces must be sheared, and hence they are said to be in
double shear. From Art. 32, a §” rivet in double shear
will safely carry 8836, and hence in this case 34fgt=4 is
the number of rivets required.
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The smallest bearing against the rivets is the §” gusset-
plate. From Art. 24, the safe bearing value in a §” plate is
5625 lbs., showing that seven rivets must be employed to
make the connection safe in bearing.

It is seen that as long as the angles are at least }” thick,
the gussets §” thick, and the rivets §$” in diameter the
required number of rivets in any member equals the stress
divided by the bearing value of a ” rivet in a §” plate, or
5625.

The piece L,L, requires 3% =6 rivets,

The rivets are assumed to be free from bending, as the
rivet-heads clamp the pieces together firmly.

The location of the rivet lines depends almost entirely
upon practical considerations. The customary locations
are given in Table III.

83. Design of Joint U,.—The number of rivets required
in LU, is $343 =2 rivets. The best practice uses at least
three rivets, but the use of two is common. As the top chord
is continuous, evidently the same number is required in it.

Joint U, will require the same treatment.

84. Design of Joint L,. L

L,L, requires 6 rivets as in Art. 82.
L,U, requires 2 rivets as in Art. 83.
L,U, requires 2 rivets as in Art. 83.
L,U, requires 3788 =4 rivets.
L,L; requires 3% = 3 rivets,

but this connection will probably be made in the field, that
is, will not be made in the shop but at the building, so the
number of rivets should be increased 25 pei' cent. There-
fore 4 rivets will be provided for.
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85. Design of Joint U,

U,U, requires 7 rivets as in Art. 82.
L,U, requires 4 rivets as in Art. 83.

If field-rivets are used, these numbers become 9 and §
respectively.

86. Splices.—The members L,L, and L,L, are connected
by means of the gusset-plate in designing joint L,. It is
better practice to make a full splice, that is, connect both
legs of the angles in one member with the corresponding
legs of the other by means of plates. The gusset-plate will
answer for the vertical legs, and a plate equal in thickness
to the thickness of the angle legs for the other. The width
of this plate should equal that of the member L,L,.

87. End Supports.—In designing joint L, only enough
rivets were placed in the bottom chord to transmit its stress
to the gusset-plate. Usually a plate not less than 4” thick
is riveted under the bottom-chord angles to act as a bearing
plate upon the support. The entire reaction must pass
through this plate and be transmitted to the gusset-plate-
by means of the bottom-chord angles, unless the gusset has
a good bearing upon the plate. This is not the usual con-
dition and is not economical. The reaction is about 24000
Ibs. (Art. 65). %4280 =5 = the number of }” rivets required
for this purpose alone. The total number of rivets in the
bottom angles is 5+6 =11 rivets.

The bearing plate should be large enough to distribute
the load over the material upon which it bears, and to ad-
mit two anchor-bolts outside the horizontal legs of the bot-
tom angles.
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88. Expansion.—Expansion of trusses having spans less
than 75 feet may be provided for by letting the bearing
plate slide upon a similar plate anchored to the supports,
the anchor-bolts extending through the upper plates in
slotted holes. See Plate III.

Trusses having spans greater than 75 feet should be pro-
vided with rollers at one end.

In steel buildings the trusses are usually riveted to the
tops of columns and no special provision made for expansion.

89. Frame Lines and Rivet Lines.—Strictly, the rivet
lines and the frame lines used in determining the stresses
should coincide with the line connecting the centers of
gravity of the cross-sections of the members. This is not
practicable, so the rivet lines and frame lines are made to
coincide.

90. Drawings.—Plate III has been designed to show
various details and methods of connecting the several parts
of the truss and the roof members. A great many other
forms of connéctions, purlins, roof coverings, etc., are in
use, but all can be designed by the methods given above.
Plate III contains all data necessary for the making of an
estimate of cost, and is quite complete enough for the con-
tractor to make dimensioned shop drawings from. These
drawings are best made by the parties who build the truss,
as their draughtsmen are familiar with the machinery and
templets which will be used.






TABLES.

Tasre 1.

WEIGHTS OF VARIOUS SUBSTANCES.

WOODS (SEASONED).

Weight in Lbs, _Weight in Lbs.

Name. perCa. oot P, Sqre Foot

Ash, American, white ................. .. 38 3.17
CherTy..ooviiiiiiiiiiiiieiiiiiiienennss 42 3.50
Chestnut........covviieeenniennnennnnns 41 3.42
Elm ...ttt ittt e 35 2.96
Hemlock......cooiviiiiiiienenenennnnns 25 2.08
Hickory .....coovvviiiiiiiiiiiiniiias, 53 4.42
Mahogany, Spanish ..................... 53 4.42
v Honduras ................... 35 2.96
Maple.....ooviiiiiinriiineeennnennnnns 49 4.08
Oak, live ..oviiiinnnernennnnenaneaannns 50 4.92
“ white.....ciiiiiiiiii i i 52 4.33
Pine,white..........cooiiiiieiiiiiiiin. 25 2.08
“ yellow,northern.................... 34 2.83
« “ southern................... 45 3.75
SPruce ...covvvireniiiiiiiiiiiinaneann, 25 2.08
SYCAIMOTE... oo e e vererererenenenenrnnnns 37 3.08
Walnut, black. «v.vveeenenninennnnnnn. .. 38 3.17

Green timbers usually weigh from one-fifth to one-half more than dry.

MASONRY.
Brick-work, pressed brick. .............. ceeeees ciees 140
« ordinary. ............... eteteaeciaaaan 112
Granite or limestone, well dressed... ................ 165
“ « mortar rubble................... 154
¢ “ dry....... Ceittiiiecareeaens 138
Sandstone, well dressed. ...... Ceteteceeteetnnecannnn 144
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BRICK AND STONE.

Nime. e i

Brick,bestpressed. ..........ciiiiiniiiiiiiiiae.., 150
“ common hard............. . . iiiiiiieeinnnn.. 125

“ soft,inferior..............cciiiiienieennananen 100
Cement, hydraulic loose, Rosendale .................. s6
“ “ “ Louisville.................... 50

“ “ “ English Portland.............. 90
Granite. ......covitiiiiiiiieiiietiearteeeaaaaaas 170
Limestonesand marbles ............................ 168
“ “ “  in small pieces................. 96
Quartz, COMMON .. ......coutvierennneenenannnnnnnnn 165
Sandstones, building .............. ... ... 151
Shales,redorblack .................ccoiiiiiiiii.n 162
Slate. ... .ttt i ettt ccrterceaaaae 175

METALS.
MR o g

Brass (copper and zinc), cast........... 504 42.00
“ rolled.............coiiiiia.., 524 43.66
Copper,cast ...........ccvvenennnn. 542 45.17
“  rolled. ..... ettt 548 45.66
Gion,east. ... ... ...t 450 37.50
“  wrought, purest ............... 485 40.42

“ “ AVerage. ............. 480 40.00
Tead. ... ..o 711 59.27
Steel. ... .t 490 40.83
Tin,cast. ... ... iiiiiinennnannn 459 38.23

ZINC ..ttt e it e te e 437 36.42
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TasLe II.
WEIGHTS OF ROOF COVERINGS.

CORRUGATED IRON (BLACK).

95

Weight of corrugated tron required for one square of roof, allowing six inches

lap in length and two and one-half inches in width of sheet.

(Keystone.)
3 @ .
A2 | 33
a e é e l:: Weight in Pouads of One Square of the following Lengths.
] - TR
og - -3
£2 | &% | &5 |—
E'S £ 8 2 ag s 6 7 8 4 1’
0.065 | 2.61| 3.28| 365 358 353 350 348 346
0.049 1.97 2.48 275 270 267 264 262 261
0.035 1.40 1.76 196 192 190 188 186 185
0.028 | 1.12 1.41 156 154 152 150 149 148
0.022 | 0.88 I.11 123 121 119 118 117 117
0.018| o0.72| o.91 | 101 99 97 97 96 95
‘The above table is calculated for sheets 30} inches wide before corrugating.
Purlins should not be placed over 6’ apart.
(Pheniz.)
BLACK IRON. GALVANIZED 1RON.
58 g <8 ] § <3 ‘g" T3
=} c
. 32 E14 55 & 3% 58
k-] &y <y ey o o &y
g £5 £5% <39 £3 £5% a8y
¢ ] g1 - &8 - = pog= Y-
S8, | 82| R | 8, | R | 5
X S¥3 | gEs | 25 | gE® | g5 | 3%
0.065 2.61 3.03 3.37 3.00 3.50 3.88
0.049 1.97 2.29 2.54 2.37 2.76 3.07
0.035 1.40v 1.63 1.82 1.75 2.03 2.26
0.028 1.12 1.31 1.45 1.31 1.53 1.71
0.022 0.88 1.03 1.14 1.06 1.24 1.37
0.018 0.72 0.84 0.93 0.94 1.09 1.21
Flat. Corrugated. Flat. Corrugated.

The above table is calculated for the ordinary size of sheet, which is from 2 to 24 feet wide
and from 6 to 8 feet long, allowing 4 inches lap in length and 2} inches in width of sheet.

foot.

The galvanizing of sheet iron adds about one-third of a pound to its weight per square
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TasLe II— Continued.

PINE S8HINGLES.
The number and weight of pine shingles required to cover one square of

roof.

L a0 .

o .0 cas

T |55 | 528

Se,. |55 | =8

°uf | Sru | EwO Remarks.

Bg% | 288 | 22t

850 | 82X | Yas

258 | 2%s | 234
4 9oo | 216 The number of shingles per square is for common
4% 800 192 ﬁable-roofs For hip-roofs add five per cent. to these
5 720 173
(13 655 157 The weights per square are based on the number per
6 600 144 |square.

SKYLIGHT GLASS,

The weights of various sizes and thlcknesses of fluted or rough plate-glass
required for one square of roof.

Dimensions in oches, | THEEEI | Aren i Square Fer, | WEiEELIR Pogods b
12X 48 % 3.997 250
15X 60 % 6.246 350
20X 100 $ 13.880 500
94X 156 3 101.768 700

In the above table no allowance is made for lap.

If ordinary window-glass is used, sin,

le-thick glass (about %) will weigh

about 82 pounds per square, and doub %e thick glass (about }") will weigh
about 164 pounds per square, no allowance being made for .
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TasLe 11— Continued.

SLATE.
The number and superficial area of slate required for one square of roof.

. . . Number per Superficial Di . in . r Superficial
Dm}:::sh'::s " “;iwepe Squa:?l'!:et Inches. N Square‘?e Sq:a:eeal;'zet.
' 6x12 533 267 12X18 160 240

7X12 457 |...ecie.n.. 10X 20 169 235

8X12 400 l.......... 11X 20 154

9X12 355 |oeeeeiae.n 12X 20 141

7X14 374 254 14X20 121

8X14 327 ..o, 16 X 20 137

9X14 20T |..ieaenans 12X22 126 231
10X 14 261 |.......... 14X22 108

8% 16 277 246 12X 24 114 228

9X16 246 |.......... 14X 24 08
10X 16 73 SEE P 16X 24 86

9X18 213 240 14X 26 89 225
10X18 102 |iivieenn.. 16 X 26 78

As slate is usuaily laid, the number of square feet of roof covered by one slate can be ob-
tained from the foilowing formula:

Width X (length -- 3 inches)
288

= the ber of square feet of roof covered.

The weight of slate of various lengths and thicknesses required for one
square of roof.

Weight in pounds, per square, for the thickness.
Length

In::lklles. i" 1’(" *Il i” }n gn *u 17

12 483 724 967 1450 1936 | 2419 2902 3872
<14 460 688 920 1379 1842 2301 2760 3683
16 445 667 890 1336 | 1784 | 2229 | 2670 | 3567
18 434 | 650 869 1303 | 1740 | 2174 | 2607 | 3480
20 425 637 851 1276 1704 | 2129 | 2553 | 3408

22 418 626 836 1254 1675 2093 2508 3350
24 412 617 825 1238 | 1653 | 2066 | 2478 | 3306
26 407 610 815 1222 1631 2039 . 2445 | 3263

The weights given above are based on the number of slate required for one square of roof,
taking the weight of a cubic foot of slate at 175 pounds,
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TasrLe II—Continued.

Terra-cotta.

Porous terra-cotta roofing 3" thick weighs 16 pounds per square foot and
2’ thick, 12 pounds per square foot.
; Ceiling made of the same material 2’ thick weighs 11 pounds per square
oot.

Tiles.

Flat tiles 63 X103’ X " weigh from 1480 to 1850 pounds per square of
roof, the lap being one-half the length of the tile.

ff‘ile‘s with grooves and fillets weigh from 740 to 925 pounds per square of
roof.

; Pa;»-tiles 1437 103" laid 10”” to the weather weigh 850 pounds per square
of roof. .
Tin.

The usual sizes for roofing tin are 147X 20” and 20"X28”. Without
allowing anything for lap or waste, tin roofing weighs from 50 to 62 pounds
per square.

Tin on the roof weighs from 62 to 75 pounds per square.

For preliminary estimates the weights of various roof coverings may be
taken as tabulated below:

Name. Weight in Lbs per
Cast-iron plates (3" thick)......................... 1500
422 80 -125
Felt and asphalt.. .. ........... cee .. 100
Felt and gravel... .............. . 800-1000
Iron, corrugated. .......................... .. 100- 375
Tron, galvanized flat. ............................ 100~ 350
Lathandplaster.......................ooooat, 900-1000
Sheathing, pine 17 thick yellow, northern .......... 300
“ et “ " southern........... 400
Spruce 1” thick.............cciiiiiiiiiinennennn 200
Sheathing, chestnut or maple, 1” thick............. 400
“ ash; hickory or oak, 1” thick............ 500
Sheet iron (%" thick)................o.oiiiae.. 300
« «“« «“ andlaths . ................... 500
Shingles, pine .............c il 200
Slates (3 thick). ..ottt " 900
Skylights (glass "/ to 3’ thick)................... 250 700
Sheetlead ...... ...ttt iiiiiiiiennnns 500- 800
Thatch...........ccoevvvvn.... etteeeeeeaaaaas 650
B 8 VNS AP 70— 125
Tiles, flat. ..........cciiiiiiiiiiiiiiiiiiiannes 1500-2000
“ (groovesandfillets). ..............oiiunnnn. 700-1000
R - 1000
“ withmortar .......ccovviiiinniinnennnnnns 2000-3000
ZINC.. .. oooiriiieieeereenonnnancscascsnssnnnanns 100- 200
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Tasre III.
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STANDARD SPACING OF RIVET AND BOLT HOLES IN ANGLES
-AND IN FLANGES AND CONNECTION ANGLES OF CHANNELS.

Angles., Standard Channels.

Dle)lfnh ”t ngth we:ghl ” e y Deo‘;th welght m 3 ]
Leg, in JChan- oot, iE . in in J Chan- ng'; in in in
Inches.|Inches] Il":cellx'es Pounds. 1 Inche Inl:-ehl.’-e Pounds Inches|Inches|Inches
i T 3 4.0 | oy 1 8 |[18.75| 1} | a4f | 4%

3 5.0 45 1 8 |[21.25) 14| 4|
1 ] 3 6.0 “l 48 | &%
1% 3% 9 |13.25 13| 41| §§
1 i{x 4 5.25 1 4% f| 9 | 15.00 1§ | 4% 3%
i | 3] 4 6.25/ 1 4% 5] 9 |20.00 1} | a3}
!g g 4 7.25| 1 453 S| 9 |25.00 1} 4k | 3}
I _
s | 65| 1 47s| e |10 |15.0 | 13| 41| T
2 xg 5 9.0 | 1} | 433 s f10o |[20.0| 13| 4} i
2} |1 s [1x.5| 13| 43| k)]0 | 250 2 413
2;‘: 1t 10 |30.0]| 2 4% {é
2 13 6 8.0 | 13| 45% 3410 |35.0| 2 43
2] |1 6 | 10.5 xg 413 3
6 |13.0| 1 418 ]2 | 205 13| 4} ii
3 |13 6 |15.5| 18| 4% 412 |25.0( 13| 45}
3% | 2 12 | 300 2 sgs] 1%
7 9.75| I 455| 3312 |35.0| 2 S| %
4 | 2% 7 |12.25| 1} | 443 § J12 |40.0 2 5¥3 3%
4% | 2% 7 | 14.75| 13| 47s %
7 |17.25| 13| 4} & |15 |33.0| 1f| 4§ gi
5 2% 7 | 19.75; 13| 43 8 |15 | 35.0 ré 4if| #4
s§ | 3t 15 | 40.0 | I S| 1%
) 8 [xx2s| 13| 42| # J15 [45.0| 2% | sE| &
3% 8 [13.75| 1} 4% 3315 |50.0| 23| 5| $4
8 |16.25) 13| 44 § 15 1-55.0 ' 2% 1 543l 4
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100
: TasLe III— Continued.
MAXIMUM SIZE OF RIVETS IN BEAMS, CHANNELS, AND
ANGLES.
1 Beams, Channels. Angles,
g2 (.1 |8 |. 14,8 s | .| g
B | g B | s | = o K, <
g | g, |2 ‘AR AR 5 AR
g | SF|®g) sg| 8 (Bg| s2| 25| 5| 35| % 23 24
=5| §3 %5 s5| %2 |%6) 5= | £2 | 5] w8 | % T
PR B BAEKAEN BLEIKE §.s 89
‘RN ENERNEE EFEENEE R @
3(/55| #)] 15|420 3] 3 40| % 02 ) 23| %
4175 15 | 60.0| 4 | 5.25 I { 24 i
s | 975 15 | 80.0 5 | 6.50 1} 3
6 |12.25 18 | 55.0 6 |80 % % 3% 1
7 |15.0 . 20 [ 65.0] 1 7 |9.75 1f s 4 ‘X
8 |17.75 20 | 80.0] 1 8 |11.25 13 4% 1
9 |21.0 24 | 80.0] 1 9 |[13.25 13 5 I
10 [25.0 10 [I5.0 2 58 I
12 |31.§ 12 |20.50 a} 6 1
12 (40.0 15 |33.0 2% i
RIVET SPACING.
- All dimensions in inches.
i Di from Edge of Pi
Maximum l.‘,:?gg’?: :sué:ec:";og} Rivgect ‘;'lollee.ce to
Size of Minimum |Pitchat Ends | /o0 o
Rivets. Pitch. , |of Compression| &85
Members. Girders. Minimum. Usual,
' $
1}
! 5
£ 1§ 2} 4 it 1}
i a} 3 4 13 1}
£ 2§ 3% 4 :f. 13
I 3 4 4 I 2

.
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TasLe IV.
RIVETS.
Tables of Areas in Square Inches, to be deducted from Riveted Plates or Shapes
to Obtain Net Areas.
- T::‘: Size of Hole, in Inches.*
Plates
n
Anches.| %+ | & 1 ARG i H in 3| 1% 1| 1ig
1| .06| .08| .0o9| .1x| .13| .r4| .16| .17| .19| .20| .22| .23| .25| .27
1%| .08| .10| .12| .14( .15| .18| .20| .21| .23| .25 .27| .29| .31| .33
§ | .o9| .12| .14| .16| .19| .21| .23| .26| .28| .30| .33| .35 .38| .40
vs| -11| .14| .16| .19| .22| .35 .27| .30| .33| .36] .38| .41 .44| .46
3| .x3| .x6] .19| .22 .25 .28| .31| .34 .38| .41| .44| .47| .50| .53
v%| .14/ .18] .21| .25 .28| .32| .35| .39| .42| .46| .49| .53| .56| .60
23

.16| .20} . .27| .31| .35 .39| .43| -47| .s1| .55 .59 .63 .66
14| .17| .21] .26 .30| .34/ .39| .43| .47 .52| .56 .60 .64 .69 .73

2| .19| .23| .28| .33| .38| .42| .47| .52| .56 .61| .66 .70| .75| .80
{§| .20| .25| .30| .36/ .41| .46] .51 .56 .61| .66 .71| .76 .81 .86
.23| .27| .33| .38 .44| .49| .55 .60 .66 .71| .77| .82| .88| .93
18| .23] .29| .35| .41| .47} .53 .59! .64 .70, .76| .82| .88| .94|1.00

I .25| .31| .38| .44| .s0| .56| .63| .69| .75/ .81| .88| .94/1.00|1.06
xi; .27| .33| .40| .46| .s3| .60| .66| .73| .80| .86| .93|1.00/x.06|1.13
I .28| .35 .42| .49| .56| .63| .70| .77| .84| .91| .98|1.05/1.13|1.20
1% .30| .37| .45| .52| .50| .67 .74| .82 .89 .96|1.04/1.11|1.19|1.26
1% | .31| .39] .47 .55/ .63| .70| .78| .86| .94|1.02(1.09|1.17(1.251.33
1% .33| .41| .49| .57| .66 .74| .81 .90| .98|1.07|1.15|1.23|1.31|1.39
18 | .34| .43| .52 .60 .69| .77| .86| .95(x.03/1.12|1.20(1.29|1.38|1.46
I7g| .36| .45 .54] .63| .73] .81| .90 .99|r.08|1.17(|1.26|1.35/1.44]|1.53
13 | .38| .47 .56| .66| .75| .84 .04|1.03|1.13|1.22{1.31|1.41,1.50(r.50
Il" .39| .49| .s0| .68| .78| .88| .98|1.07|1.17|1.27|1.37|1.46|1.56(1.66
I .41| .s1| .61 .71| .81| .9I|1.021.12{1.22(1.32|1.42|1.52/1.63/1.73
1t} .42| .53| .63| .74| .84] .95(x.05[1.16|x.27|1.37(1.47(1.58!1.69(1.79
13 | .44| .55 .66| .77| .88| .98[1.09/1.20|1.31|1.42(1.53(1.64(x.75/1.86
48| .45 .57| .68| .79| .91|1.02/1.13[1.25/1.36{1.47|1.59(1.70/1.81(1.93
I .47| .59| .70| .82| .94|1.051.17|1.20|1.41|1.52|1.64|1.76 1.88(1.99
11§| .48| .61 .73| .85 .97|1.09(1.21!1.33|1.45|1.57|1.70[1.82|1.94/2.06
2 .s0| .63 .75/ .88|1.00|1.13|1.25|1.38|1.50/1.63|1.75/1.88!2.00(2.13

* Size of hole = diameter of rivet + $”.
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TABLES.

TasLe V.

WEIGHTS OF ROUND-HEADED RIVETS AND ROUND-HEADED

BOLTS WITHOUT NUTS.
Wrought Iron.

Basis: 1 cubic foot iron =480 pounds. For steel add

2%.

Length un ‘}er :{ ead to Point. Diameter of Rivet in Inches.
nc! .
I HAENENERERR! 1}
1 4.7 | 9.3| 16.0| 25.2 37.3, 52.6| 71.3
1} 5.5 | 10.7| 18.1| 28.3| 41.3 58.0| 78.2
1} 6.2 | 12.1| 20.3| 31.3| 45.5/ 63.5| 85.1
13 7.0 | 13.4| 23.4| 34.4| 49.7, 68.9| 92.0
2 7-8 | 14.8] 24.5| 37.5| 53.9 74.4| 98.9
2 8.5 | 16.2| 26.6| 40.5| 58.0] 79.8|105.8
2 9.3 | 17.5| 28.8( 43.6| 62.2° 85.3|112.7
2 10.1 | 18.9| 30.9| 46.7| 66.4' 90.7|119.6
3 10.8 | 20.3| 33.0{ 49.8 70.6! 96.2|126.5
3} 11.6 | 21.6| 35.1| 52.8| 74.7 10-.6(133.4
3 12.4 | 23.0| 37.3| 55.9| 78.9107.1({140.3
3 13.1 | 24.3| 39.4| 59.0| 83.1 112.6|147.2
4 13.9 | 35.7| 41.5| 62.0| 87.3 118.0|154.1
4 14.7 | 27.1| 43.7| 65.1| 01.4 123.5|161.0
4% 15.4 | 28.4| 45.8| 68.3| 95.6 128.9|167.9
4 16.2 | 29.8| 47.9| 71.2| 09.8 134.4{174.8
5 17.0 | 31.2| 50.1 74.3104.0339.818:.7
5% 17.7 | 32.5| 52.2 77.4108.2|145.3188.6
5% 18.5 | 33.9| 54.3| 80.4{112.3'150.7|105.6
st 190.3 | 35.3| 56.4| 83.5/116.5156.2|2032.5
6 20.0 | 36.6| 58.6 86.6.120.7 161.6/209.4
(3 20.8 | 38.0| 60.7| 89.6,124.8 167.1|216.3"
6} 21.6 | 39.3| 62.8( 92.7 129.0:172.5223.2
6% 22.3 | 40.7| 65.0| 05.8/133.2 178.0(230.1
7 23.1 | 42.1| 67.1] 98.8(137.4/183.5/237.0
73 23.9 | 43.4] 69.2|101.9 141.6'188.9243.9
7% 24.6 | 44.8] 71.4/105.0/145.7,104.4/250.8
73 25.4 | 46.2| 73.5|108.0|149.9/199.8(257.7
8 26.2 | 47.5| 75.6{111.1'154.1|205.3'264.6
8% 27.7-| 50.2| 79.9|117.2'162.2(216.2/278.4
9 29.2 | 53.0| 84.1(123.4|170.8(|227.1|202.2
9% 30.8 | 55.7| 88.4|129.5/179.1/238.0(306.0
10 32.3 | 58.4] 92.7!135.6(187.5(248.8(319.8
10% 33.8 | 61.2| 06.9/141.8|195.8/250.8/333.6
Ix 35.4 | 63.9|101.2(147.9 204.2(270.7(347.4
11} 36.9 | 66.6|105.4|154.1/212.5(281.6|361.2
12 38." | 69.3/109.7 160.2!220.9:92.5375.0
One inch in length of 100 Rivets| 3.07| 5.45| 8.52|12.27(16.70{21.82|27.61
Weight of 100 Rivet Heads.....| 1.78| 4.82! 9.95|16.12|24.20(34:77(47.67

Height of rivet head = #; diameter of rivet.
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TasLe VI.
WEIGHTS AND DIMENSIONS OF BOLT HEADS.

Manufacturers Standard Sizes
Basis: Hoopes & Townsend’s List.

SQUARB. Hexacon,
O

M -
Bolt. Short | Long | Thick- | Weight | Short | Long" | Thick- | Weight
Diameter|Diameter| ness. | per 100. | D Di ness. | per x00.
Inches. | Inches. | Inches. | Inches. | Pounds. | Inches. | Inches. | Inches. | Pounds.
1 s | .619 1.0 % | .s505 .9
.707 f' 1.7 ] .578 t 1.5
t .840 LR 2.8 z .686 2.4
;" .973 H 4.9 -794 $ 4.3
1.061 % 6.8 .866 5.9
Te §3 | 1.193 i 9.9 il 974 3 8.6
1.326 §.| 13.0 ! 1.083 11.3
xi 1.501 22.0 1 1.299 § 19.0
3 1% | 1.856 34.8 14 | 1.516 % 33.1
I x; 32.1232 54.7 xi 1.733 47.4
13 xg 2.298 1 73.3 12 | 1.877 | 1 63.5
14 1 2.475 13 95.7 13 2.021 x% 82.9
1 2} | 3.006 1} 156.8 2 2.309 1 132.3
13 zg 3.359 1§ | 215.4 2§ | 2.743 1} | 203.5
1 2 3.536 13 | 260.3 24 | 2.888 1§ | 244.4
1 2§ | 3.889 13 | 341.3 24 | 3.176 1§ | 318.4
1 3 4.243 13 | 437.4 3 3.464 1 | 408.2
2 3% | 4.420 1§ | 508.5 3% | 3.610 2 469.9

Approximate rules for dimensions of finished nuts and heads for bolts
(square and hexagon)*
Short diameter of nut =14 diameter of bolt;
Thickness of nut =1 diameter of bolt;
Short diameter of head =14 diameter of bolt;
Thickness of head =1 diameter of bolt;
Long diameter of square nut or head =2.12 diameter of bolt;
“ “ “ hexagon nut or head =1.73 diameter of of bolt.
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TABLES.

TaBLE VII.

UPSET SCREW ENDS.
Round Bars.

[ osmm—

4
P
o

DIMENSIONS OF UPSET END.

DIMENSIONS AND PROPORTIONS OF BODY OF BAR.

X 9.
- S - M - o
s | &% |84 a3 |. §§
552 8|5 (3] 38, [ElEs
IR IR A
a2 | Gl E5 |8l 8| & | & |§5!<3
A IR
—_— a8 < 3 ,“g
B G é’ A o
In. In. [Sq.In In. (Sq.In.| Lbs. |In. PrCt.
4 | 41| -302i10 }\ .19¢' 1.668 6}! 54
£ | 43| 429 9 .307| 1.043| 5% 37
I 4 .550| 8 | .373 1.262| 61 48
13 | 4 | -694| 7 8 .510 1.763 5% 34
¢ 43 | .803| 7 .601' 2.044 6}( 49
1 s [1.057( 6 I .785 2.67 | 4} 35
1 5 |1.295] 6 xg .004 3.38 | 4%, 30
b { st (1.515) 5% | 11 |1.22%.4.17 | 4% 23
1§ | 5} |1.744[ 5 | 17%(1.353 4.60 | 5 | 29
1§ | 53 12.048| 5 xf, 1.623 5.52 | 43' 26
2 5% j2.302 43 | 1 1.767| 6.01 | 5% 30
2} | 5% [2.650( 43 | 1} [2.074 7.05 | 5 | 28
2} | 5% |3.023| 44 | 1} |2.405 8.18 | 43 26
2§ | 6 |3.410| 43 | 1% [2.761| 9.30 | 43 24
24 | 6 |3.715| 4 | 1{§|2.048|10.02 | 5| 26
2§ | 6} 14.155| 4 | 27¢|3.341(11.36 | 4} 24
2 61 |4.619] 4 2;'; 3.758|12:78 4§i 23
2§ | 6% |5.108| 4 | 3% (3.976{13.52 | 5% 28
3 | 63 |5.428( 33 | 2% |4.430(15.07 | 4}| 23
3} | 64 |5.957| 3% | 27%|4.666(15.86 | 53| 28
3% | 6% |6.510| 34 | 2/%|5.157(17.53 | 51| 26
3% | 7 |7.087| 34 | 2}4|5.673(19.29 | 5 | 35
3% | 7 |7.548] 3} | 2}§/6.231|21.12 | 43| 22
3 7% (8.171| 3% | 2§ 16.492[22.07 | 5}| 26
3 74 18.641| 3 3 |[7.069(24.03 | 61 22
3 73 l9.305/ 3 | 3% |7.670[26.08 | 5} 21
4 |73 |9.993| 3 | 3% [B.206]28.20 | 4% 20

b I Diameter of Bar.

-
-]

at}

Area of Body of Bar.

Add for Upset,
Excess of Area at Root

In.

of Thread over that of

o
o
o]
Iad

3.142710.68
3.547 12.06
4.200 14.28
4.909,16.69
5.412 18.40
5.040/20.20

6.777/33.04

41
43
43
31

43
4%

3%

4%
4}
43
4

21
25
29
17
18
20
17

18
17

22
21
19

21
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Tasre VIII.
RIGHT AND LEFT NUTS.

SSNSN

< L =

N
Il

A RN
F

L . Dimensions of Nuts from Edge Moor Bridge Works’ Standard.

. . . . fam. Weight of
Delfe‘:" ug{‘h Diameter of | Side of Square Leox}gzb' Le:f'h 2::? -
Scn?efw. Upset. Bar, Bar. Nut. |Thread. Hoefx. . ?q ne
One :u-:lclt
Nut. | Two
B G A A L T w Screw
Eads.
Inches. | Inches. Inches. Inches. Inches. | Inches. | Inches. |Pounds.| Lbs.
¥ | 4} s 6 Iy | 1 X 4%
1 4 and % 3’ and $}| 6 15 | 1k !3 41
| 1 pt 3 63 1§ 2 3 73
it | 4f “ 1§ 1! 6% | 1f 2 3 7
14 s 1 o “ 18 7 !i 2 | ax
1 5 Ig “ a1 7 I 2 ¢ I
. 1 5% | T % “ 13| 7% 2 | 2 ¢ 163
I 5t | 1% If, 73 24 2 16
' 13 | 5 If “af |13 “1fe| 8 afs | 3% 23}
2 54 xi “ 10l 1§ 8 3% | 3% 23%
2} 5 3“1 “13 | 8% 23 33 313
2} 5 b4 “ 133 1% 8% 2% 3 314
3 6 1 i “IH| o9 a} 3t 41
2 | 6 |13 “2 |13 9 i | 3% 41
2 6% |3k “a% IH “rx | o} | 24| 4t 53t
3 6% :;'. 1 ‘ oF | 21 | 4f 53%
2% 6% |2 “ 28 2 ¢ 24 10 37 | 4 66}
3 64 | 2§ 2} 10 3 4 . | 66%
3 63 2{ “ 2§ z;, 10} 3 5 32 81
3 | 7 |aif 2 i | 3% | st |38 |of
3 7t |3 2? 11} 3t | 53 |45 (116
| 4 7% | 3 2 .| 13 4% | 6% | 533 (138
i .




TABLES.
TasLe IX.
PROPERTIES OF STANDARD I BEAMS,
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. Section Number.

O

NI OO0 ittt phbhp

DWW NARDR W wwww
R L] b b e L] O e e
PRRRY BEE Homm addaan wob8 83858 oooo' Inches. |°‘| Depth of Beam.
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TasLe IX—Continued.
PROPERTIES OF STANDARD I BEAMS.

4 6 7 8 9 10 11
. ; - ® § K] g
8 ST LB ORI = B
3 EEEE EA PR R
- = -] ” - "
3 g | §% | 83z |4 21
< Bl |4 | |2 |3
A | | 1 8 r v r
: i | 3| @ | 8| 3% | 8
(2]
o| 6.31] .20 4.33 84.9| 18.9/ 3.67 | 5.16] .90
o| 7.35| .41 | 4.45 91.9/ 20.4; 3.54 | 5.65| .88
o| 882 .s57]|4.61 101.9| 22.6/ 3.40 | 6.42| .85
o 10.29 .73 | 4.77 | 111.8 24.8 3.30 | 7.31| .84
.0 | %.37] .31 | 4.66 | 122.1| 24.4 4.07 | 6.89 .97
0| 882 .45| 4.80| 134.2| 26.8 3.90| 7.65 .03
.0 | 10.29| .60 | 4.95 | 146.4 20.3; 3.77 | 8.52| .o1
.0 | 11.76| .75 | 5.10 | 158.7| 31.7 3.67 | 9.50 .90
.5| 9.26| .35 | s.00 | 215.8 36.0 4.83| 9.50| 1.01
.0 | 10.29| .44 | 5.00 | 228.3| 38.0| 4.71 | 10.07| .99
.0 | 11.76] .56 | 5.21 | 245.9| 41.0| 4.57 | 10.95 .96
.0 | 12.48| .41 | 5.50 | 441.8 58.9! 5.95 | 14.62| 1.08
.0 | 13.24| .46 | 5.55 | 455.8/ 60.8| 5.87 | 15.09| 1.07
.0 | 14.71] .56 | 5.65 | 483.4| 64.5 5.73 | 16.04| 1.04
.0 | 16.18 .66 | 5.75 | s11.0| 68.1 5.62 | 17.06| 1.03
.0 | 17.65 .75 | 5.84 | 538.6] 71.8 5.52 | 18.17| 1.01
.0 | 15.03] .46 | 6.00 | 795.6| 88.4' 7.07 | 21.19| 1.15
.0 17.65| .56 | 6.10 | 841.8 03.5 6.91 | 22.38| 1.13
.0 | 19.12| .64 | 6.18 | 881.5 07.9 6.79 | 23.47| 1.11
.0 | 20.59| .72 | 6.26 | 921.2 102.4! 6.69 | 24.62! 1.09
.0 | 19.08 .50 | 6.25 | 1169.5| 117.0 7.83 | 27.86| 1.21
.0 | 20.59] .58 | 6.33 | 1219.8| 122.0| 7.70 | 29.04] 1.19
.0 | 22.06| .65 | 6.40 | 1268.8 1:6.9. 7.58 | 30.25| 1.17
.0 | 23.32| .50 | 7.00 | 2087.2| 173.9' 9.46 | 42.86| 1.36
.0 | 25.00| .57 | 7.07 | 2167.8 180.7. 0.31 | 44.35 1.33
.0 | 26.47| .63 | 7.13 | 2238.4| 186.5' 9.20 | 45.70| 1.31
.0 | 27.04| .60 | 7.10 | 2309.0| 192.4| 9.09 | 77.10| 1.30
.0 | 29.41| .75 | 7.25 | 2379.6| 108.3| 8.99 | 48.55| 1.28
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TasLe X.

PROPERTIES OF STANDARD CHANNELS,
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TasLe X— Continued.

PROPERTIES OF STANDARD CHANNELS.
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TasLe XI.
PROPERTIES OF STANDARD ANGLES.




TABLES. 11z

TasLe XI—Continued.
PROPERTIES OF STANDARD ANGLES.

1 2 |3| 4| 5| 6 7 8 9 10| x| 12| 13
By 588 g
sl L ]ed |8 § |6°5|ws| =2 | &
| Blg|s8 15 |2 |3 |3 20 (2 | &
a8 1 s 18a8l 82 g | Be |guel 68 I B
HERHE R EH SR
2 g (S 2] % |55 <2 2| %2 (w53 ss | c2 | Ba
z v 2 ° ] e % |88 " | =2
g8 || & b | & | 4| 22 | 053 ST | £< kL
§| & |F| 3| B |e%| 8" |3°|2° |83 38 (3|4
3 B < (5% |2 |& |3 [8e5|3° (8 |5
2 26 | = o %00 ]
a a ass hi
axa | t Al x 1 s r | x | 8 | ¢
Inches |Ins.| Lbs.|Sq.In{Inches| Ins.¢ | Ins.? |[Iaches|Inches| Ins.¢ | Ins.? |Inches
A19|3 X3 |1 | 4.0/1.44 1.24) .58| .03 1.19| .s0| .42| .59
A19|3 X3 || 6.01.78 .87 1.51| .71| .92 x.22] .61| .50 .59
Ax9|3 X3 |#|7.2]2.11] .8 1.76] .83 .ox| 2.26] .72 .57 .58
A19|3 X3 |7s| 8.3/2.43] .o1| 1.09| .05 .o1| 1.29| .82; .64 .58
A19(3 X3 | 4| 0.4/2.75| .03 2.22[ 1.07| .g9o| 1.32| .92/ .70[ .58
A19|3 X3 |% 19.4/3.06] .95 2.43| 1.10| .89| 1.35| 1.02| .76 .58
A1gl3 X3 | § 11.4/3.36] .08{ 2.62[ 1.30] .88/ r.38| r.12| .81 .58
A 21 |33X3% # | 8.4/2.48| 1.01] 2.87| 1.15| 1.07| 1.43| 1.16] .81 .68
A 21 (33 X33 | 9.82.87| 1.04| 3.26] 1.32| 1.07| 1.46] 1.33] .o1| .68
A 21 [34X33| 4 |11.1(3.25| 1.06| 3.64| 1.49| 1.06| I.50| 1.50| .00 .68
A 21 |33 X 34| ¥ |12.3|3.62| 1.08| 3.99| 1.65| 1.05| 1.53| 1.66| 1.09| .68
A 21 |33 X34 % |13.5/3.08| 1.10| 4.33| 1.81| 1.04| 1.56/ 1.82| 1.17| .68
A 21 133X 3% 1} 114.8(4.34] 1.12| 4.65 1.96] 1.04| 1.50| 1.97| 1.24| .67
A 21 |34 X3%| 4 [15.9/4.60| 1.15| 4.96| 2.11| 1.03| 1.62| 2.13 1.31| .67
A 21 |34 X34 $3 [17.1]|5.03| 1.17| 5.25| 2.25| 1.02] 1.65| 2.28, 1.38 .67
A 234 X4 |¥%]| 8.2[2.40| 1.12| 3.71| 1.20| 1.24| 1.58] 1.50| .95 .79
A23|4 X4 | 3| 0.7[2.86| 1.14| 4.36] 1.52| 1.23| 1.61| 1.77| 1.10| .79
A 23 |4 X4 |{g|11.2(3.31] 1.16| 4.97| 1.75| 1.23| 1.64| 2.02| 1.23] .78
A 234 Xq|% |12.83.75| 1.18] 5.56 1.97| 1.22| 1.67| 2.28| 1.36] .78
A 23 |4 X4 | % (14.2/4.18| 1.21| 6.12] 2.19| 1.21| 1.71| 2.52| 1.48| .78
A 234 X4 | % |15.7/4.61] 1.23| 6.66| 2.40| 1.20| 1.74| 2.76| 1.50| .77
A 234 X4 |}}|17.1|5.03| 1.25| 7.17| 2.61| 1.19| 1.77| 3.00| 1.70| .77
A 234 X4 | % |18.5|5.44| 1.27| 7.66] 2.81]| 1.19 1.80| 3.23| 1.80] .77
A 234 X4 |3}(19.0|5.84| 1.29| 8.14| 3.01| 1.18| 1.83| 3.46| 1.89| .77
A27(6 X6 s 17.2'5.06 1.66|17.68| 4.07| 1.87] 2.34| 7.13| 3.04| 1.19
A27(6 X6 | % 19.6'5.75 1.68(19.91| 4.61| 1.86| 2.38| 8.04| 3.37| 1.18
A 2716 X6 i, 21.96.43| 1.71/22.07| 5.14| 1.85| 2.41| 8.94] 3.70| 1.18
A 2716 X6 24.2(7.11| 1.73.24.16| 5.66| 1.84| 2.45| 9.81| 4.01| 1.17
A 27|6 X6 | }}26.47.78| 1.75/26.19] 6.17| 1.83| 2.48|10.67| 4.31| 1.17
A27(6 X6 | % 28.7'8.44 1.78|28.15 6.66| 1.83| 2.51|11.52| 4.59| 1.17
A 2716 X6 };! 30.99.09| 1.80|30.06| 7.15| 1.82| 2.54/12.35| 4.86] 1.17
A 276 X6 33.1/9.73| 1.82[31.92| 7.63| 1.81| 2.57(13.17| 5.12| 1.16

Column 9 contains the least radii of gyration for two angles back to back
for all thicknesses of gusset plates.
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Tasre XII.
PROPERTIES OF STANDARD ANGLES

]
1 2 I 3 4 5 6 7 8
l():isunce?i
P entre of Infoment of| Secti
. o nger *
fecton, Fonk Flande.
bxa t A x I )
Inches. Inches. Pounds. Sq. In Inches. | Inches.¢ | Inches3.
A or | 23X2 % 2.8 .81 .51 .29 .20
A or | 24X2 3.6 1.06 sz .37 .25
A o1 24 X2 4.5 1.31 . .45 .31
A or | 234X3 5.3 1.5% .58 .51 .36
A or | 33X2 o 6.0 1.78 .60 .58 .41
Aor | 24X3 by 6.8 2.00 .63 .64 .46
Ag3 |3 X2 ) 4.5 1.31 .66 .74 .40
Aog3 |3 X2 +r 5.5 1.62 .68 .90 .49
Aog3 |3 X2 3 6.5 1.92 71 1.04 .58
A 93 |3 X2 & 7.5 3.21 73 1.18 .66
A o3 |3 X2 4 8.5 2.50 75 1.30 74
A 93 |3 X2 = 9.4 2.78 77 1.42 .82
Aos | 33X2} 1 4.9 1.44 .61 78 .41
A 95 | 334X2% 5 6.0 1.78 .64 .94 .50
A o5 | 331X2 2 7.3 2.11 .66 1.09 .50
A o5 | 33X2 & 8.3 2.43 .68 1.23 .68
A 95 | 34X2 3 9.4 2.75 .70 1.36 .76
A g5 | 34X2 ,?, 10.4 3.06 73 1.49 .84
A g5 | 34X2 § 11.4 | 3.36 .75 1.61 .92
A g5 | 34X2 H# 12.4 3.65 77 1.72 .00
A 97 | 31X3 5 6.6 1.93 .81 1.58 w2
A g7 | 31X3 ) 7.8 2.30 .83 1.85 .85
A o7 | 34X3 s 9.0 2.65 .85 2.09 .08
A o7 | 334X3 ) 10.2 3.00 .88 2.33 1.10
Aog7 | 34X3 % 11.4 3.34 .90 2.55 1.21
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TasLe XII—Continued.
PROPERTIES OF STANDARD ANGLES.

1 §,—1
™?
9 - 10 3¢ 12 13 14 15 1
I}ia(l:unoe Least
Radius of | of Centre " : .
St of CvgMomo Sein | B R o
Axis -1, of Shorter Axis 2-2. | Axis 2-2. | Axis 2-2. ‘Tangent of| Axis 3-3.
Flange. Angle Section
o Number.
r x’ I S’ r r’
Inches. Inches. Inches.t | Inches.? Inches. Inches.
.60 .76 .51 .29 .79 | .632 .43 A or
-59 .79 .65 .38 .78 | .626 .42 A o1
.58 .81 .79 .47 .78 .620 .42 A o1
.58 .83 (. .ox .55 Rii .614 .42 A g1
.57 .85 1.03 .62 .76 .607 .42 A o1
.56 .88 1.14 .70 .75 .600 .42 A o1
75 .01 1.17 .56 .05 .684 .53 | Ao3
74 .93 1.42 .69 .04 .680 .53 A o3
74 .96 1.66 .81 .93 .676 .52 A o3
.73 .08 1.88 .93 .02 .672 .52 A 93
72 1.00 2.08 1.04 .01 .666 .52 A o3
72 1.02 2.28 1.15 .01 .661 .52 A o3
74 1.11 1.80 .75 1.12 .506 .54 A o5
73 1.14° 2.19 .93 I.11 .501 .54 A o5
72 1.16 2.56 1.09 1.10 .496 .54 A o5
1 1.18 2.01 1.26 1.09 .491 .54 A o5
7o | 1.20 3.24 1.41 1.09 .486 .53 A 95
.70 1.23 3.55 1.56 1.08 .480 .53 A 95
.60 1.25 3.8 1.71 1.07 472 .53 | Aos
.69 1.27 4.13 1.85 1.06 .468 .53 A o35
.90 1.06 2.33 95 1.10 724 .63 A o7
.90 1.08 2.72 1.13 1.09 721 .62 A 97
.89 1.10 3.10 1.20 1.08 718 .62 A o7
.88 1.13 3.45 1.45 1.07 714 .62 A o7
.87 1.15 3.79 1.61 1.07 711 .62 A o7

Column 9 contains the least radii of gyration for two angles with short
legs, back to back for all thicknesses of gusset plates.
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TasLe XII— Continued.
PROPERTIES OF STANDARD ANGLES.
')
4 1
4 ) — 3
-J =)
S —— N
© (']
9 10 . 11 12 13 14 15 1
E;i::tance Least
: of Centre : Radi f :
Radine of lof Gravicy Momentof|  Section, | Radise o Badiuyof
Axis 1-1. | 0f'Gorrer | AXiS 2-2. | Axis 2-2. | AXis z-a. Tangent | Axis3-3. | Section
Flange. - of Angle Number.
r xl II sl ’l a rll
Inches. Inches. Inches.* | Inches.? Inches. Inches.
.87 1.17 4.11! 1.76 1.06 o7 | .62 |A o7
.86 1.19 4.41 1.91 1.05 .703 .62 (A o7
.85 1.21 4.70 | 2.03 1.04 .608 .62 |A o7
.85 1.23 4.98 | 2.20 1.04 .694 .62 |A 97
.89 1.26 3.38 | 1.23 1.27 .554 .65 |A o9
.88 1.28 3.96 | 1.46 1.26 .551 .64 (A 99
.87 I.30 4.52 | 1.68 1.25 .547 .64 |A o9
.86 1.33 5.05 | 1.8 1.25 .543 .64 [A o9
.86 1.35 5.55 | 2.09 1.24 .538 .64 |A 99
.85 1.37 6.03 2.30 1.23 .534 .64 |A 99
.84 1.39 6.40 | 2.49 1.22 .529 .64 (A 99
.84 1.42 6.93 | 2.68 1.22 .524 .64 |A o9
.83 1.44 7.35 | 2.87 1.21 .518 .64 |A 99
.85 1.68 6.26 | 1.8 1.61 .368 .66 | A rox
84 1.70 7.37 | 2.24 1.61 .364 .65 | A 101
.84 1.73 8.43 | 2.58 1.60 .361 .65 | A 101
.83 1.75 0.45 | 2.91 1.59 .357 .65 | A 101
.82 I.77 10.43 3.23 1.58 .353 .65 | A rox
.82 I. 11.37 | 3.55 1.87 .349 .64 | A 101
.81 1.82 12.28 | 3.86 1.56 .345 | .64 | A ro1
.80 1.84 13.15 | 4.16 1.55 .340 .64 | A 101
.80 1.86 13.98 | 4.46 1.55 .336 .64 | A 101
1.02 1.61 7.78 | 2.29 1.60 .485 .76 | A 103
I.01 1.63 8.90 | 2.64 1.59 .482 .76 | A 103
I.01 1.66 9.99 | 2.99 1.58 .479 .75 | A 103
1.00 1.68 11.03 | 3.32 1.57 .476 .75 | A 103
.99 1.70 12.03 | 3.65 1.56 .472 .7s | A 103
.08 1.72 12.99 | 3.97 1.56 .468 .75 | A 103
.98 1.75 13.92 4.28 1.55 .464 .75 | A 103
.97 1.77 14.81 | 4.58 1.54 .460 .75 | A 103
.96 1.79 15.67°| 4.88 1.53 .455 .75 | A 103
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Tasre XII— Continued.
PROPERTIES OF STANDARD ANGLES,

; : lil ~
1 3 3 4 5 6 7 8
If)iéunce
o} enq‘e M f S .

Bl [k wegne | S | ooyl T e
Section oot, Oflr{’on““ ’ ’
Number. ange.

bxa t A x I 8

Inches. Inches. Pounds. Sq. In. Inches. Inches.¢ Inches.?
A 105 | 6 X3% i 11.6 3.42 79 | 3.34 1.23
A 105 | 6 X3% ™ 13.58 3.96 .81 3.81 1.41
A 105 | 6 X3% Y 15.3 4.50 .83 4.25 1.59
‘A 105 |6 X3% ,;, 17.1 5.03 .86 4.67 1.77
A 105 |6 X3% 18.9 5.55 .88 5.08. 1.94
Ar0os |6 X3% 4H 20.6 6.06 .90 5.47 2.11
A 105 |6 X3% 3 22.3 6.56 .93 5.84 2.27
A 105 |6 X3% {i} 24.0 7.06 .95 6.20 2.43
A 105 | 6 X3% 25.7 7.55 .97 6.55 2.59
A 107 |6 X4 3 12.3 3.61 .04 | 4.00 x.60
A 107 | 6 X4 14.2 4.18 .96 5.60 1.85
A 107 | 6 X4 16.2 4.75 .99 6.27 2.08
A 107 |6 X4 18.1 5.31 1.01 6.91 2.31
A 107 | 6 X4 ) 19.9 5.86 1.03 g.sz 2.54
A 107 | 6 X4 H 21.8 6.40 | .1.06 3 ; 2.76
A 107 | 6 X4 3 23.6 6.94 1.08 8.68 2.97
A 107 | 6 X4 ? 25.4 7.46 1.10 9.23 3.18
A 107 |6 X4 27.2 7.98 1.12 9.75 3.39
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Tasre XII—Continued.

PROPERTIES OF STANDARD ANGLES.

»®
9 10 II I 12 13 14 15 I
l?i(s:tmce Le
Radi £ [ enl{e M N . . f .ast
Gyration | 2f Grarity| Mo o e atus | Gyration Radiue of
Axis 1-1, of Shorter Axis 2-32. | Axis 2-2. | Axis 2-32. Tangent Ao 3.3'. Section
Flange. of Angle Number.
X
r x’ ) o 8/ 1 4 r’
Inches. Inches. Inches.¢ | Inches.? | Inches. Inches.
.99 2.04 12.86 | 3.24 | 1.04 .350 .77 | A 105
.98 2.06 14.76 | 3.75 1.93 .347 .76 | A 105
.97 2.08 16.50 | 4.24 1.92 .344 .76 [ A 1085
.96 2.11 18.37 | 4.72 1.91 .341 .75 | A 108
.96 |- 2.13 20.08 | s5.19 1.90 .338 .7s | A 105
.05 2.15 21.74 | 5.65 1.89 .334 .75 | A 105
.04 2.18 23.34 | 6.10 1.89 .331 .75 | A 105
.94 2.20 24.89 | 6.55 1.88 .327 .75 | A 105
.03 2.22 26.39 | 6.98 1.87 .323 .75 | A 105
1.17 1.04 13.47 | 3.33 1.93 .446 .88 | A 107
1.16 1.96 15.46 | 3.83 1.92 .443 .87 [ A 107
1.15 1.99 17.40 | 4.33 1.91 .440 .87 |A 107
1.14 2.01 19.26 | 4.83 1.90 .438 .87 |A 107
1.13 2.03 21.07 | §.31 1.90 .434 .86 | A 107
1.13 2.06 22.82 | 5.78 1.89 .431 .86 | A 107
1.12 2.08 24.51 | 6.25 1.88 .428 .86 | A 107
I.1x 2.10 26.15 | 6.75 1.87 .425 .86 | A 107
1.11 2.12 27.73 | 7.1% 1.86 .421 .86 | A 107
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TasrLe XIII.
LEAST RADII OF GYRATION FOR TWO ANGLES WITH UNEQUAL

LEGS, LONG LEGS BACK TO BACK.
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TasLe XIV. )
PROPERTIES OF T BARS,
‘ @
. T
1 ﬁtl 1
& 3 ~
4_;'
!r H
Equal Legs.
: 2| s | 4| s | 6| 7| 8
DimENSIONS, D‘is& Cent.
A f |° ravity
Width of | Depth of | Thickness | Thickness| weight | Section. | {Fom Out-
Section | Flange. + |of Flange.| of Stem. | per Foot. Flange.
Number.
b d ston’ ttot, A x
Inches. Inches. Inch Inch Pound Sq. Ins Inches
T 1 I Ftof £ togs - .8 .26. .29
T 181 13 | el A :k 1.39 -41 .33
T 183 -xr, b ¢ o “ 1 ’,": 1.53 .45 .34
T 187 1 I I “ 3] 1.6x .47 .36
T 189 1% I T 3 1.8 -54 .39
T 37 2 2 T U 1Y 37 1.05 -59
T 30 3 2 LV A < I $ 4.3 -1.26 .61
T 41 2% 2% T U b s 41 I.19 .68
T 6 3 3 g caw & sl 7.8 2.27 -88
T o7 3% 3% Ts| 8 “ 1% 9.3 2.74 -99
Unequal Legs.
T 18s 1} 1 ¥ “ 1 S5 4 1.49 .44 .29
T 65 3 21" “ Y g “ Tl 7.2 2.07 71
T 101 3% 4 “ Y& “Y5| 9.9 2.91 I.20
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TasLe XIV—Continued.
PROPERTIES OF T BARS.
o
i
9
1 iq
! 4
e |
N
Equal Legs—(Continued),
1 9 10 I 12 13 14
Moment of | _Section Radius of | Moment of | _Section Radius of
Inertia Modulus | Gyration Inertia Modulus | Gyration
Axis 1-1, Axis 1-1. | Axis 1-1. Axis 2-32. Axis 8-2. Axis 2-3.
Section
Number.
b ¢ s r v 8 r
Inches¢, Inches?. Inches. Inches¢, Inches?, Inches.
T .02 .03 " .30 . .0x .02 .31
T 181 .04 .05 " .32 © .02 .04 .25
T 183 .05 .06 .33 03 .05 .26
T 187 .06 .07 .35 - .03 .05 .27
T 189 .08 .08 .39 .05 .07 «29
T 37 .37 .26 .59 .18 .18 .42
T 39 .43 .31 .59 .23 .23 .42
T 41 .51 .32 .65 .24 .22 .45
T 69 1.82 .86 .90 .92 .61 .64
T 97 3.1 1.23 1.08 1.42 .81 73
Unequal Legs—(Continued).
T 185 . .08 .29 03 .01 - .28
T 65 I.gg . .64 .90 .60 .28
T 101 4.3 1.54 1.23 1.42 .81 .70
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Tase XYV.

COMMERCIAL SIZES OF YELLOW PINE LUMBER WITH RELA-
‘TIVE PRICES' BASED UPON $1 PER THOUSAND FEET
BOARD MEASURE.

Common Boards SIS.

Length _in Feet.

" Nomic! » : :
s Npminp}l Actual Sizes,
ize fn Toclies. 10 | 12 14 16 18 20

1X8 No.1 1.03 | 1.03 | 1.00 | 1.00 | 1.03 | 1.03 | SISor28

1X10 “ 1.06 | 1.06 | 1.03 | 1.03 [ .06 | 1.06 | 1§ thick.
X123 “ 1.20 j1.20 | 1.12) 1,13 | 1.12 | 1.12
For rough boards add $1.00 per M.

Fencing SIS.

Length in Feet.

Nominal .
Size in Inches, Actual Sizes.

10 12 14 16 18 20

1X4 No.x 0.97 | 0.97 | 0.97 | 1.00 | 0.97 | 0.97 | SISor28

1X6 1.00 | 1.00 | 1.00 | .03 | 1.00 | 1.00 | 5 thick
I1IX4 “ 2 |0.91|0.01 | 0.91 |[0.94 | 0.91 | 0.01
X6 “ 0.91 | 0.0 | 0.0 | 0.94 | 0.9I | 0.01

Dimension SISIE.

Length in Feet. .
SiuN.on}inaé Actual Sizes.
infnches | 10 | 12 | 14 | 16 | 18 | 20 [22-24| Inmches

2X6 No. 1 | 0.07 [ 0.04 | 0.04 | 0.04 | .097 | 0.07 | .10 | 1§X5§
2X8 ¢ 0.97 | 0.04 | 0.04 | 0.04 | .007 | 0.07 | 1.10 13 X7
2X4 “ 0.97 | 0.04 | 0.04 | 0.04 | 0.07 | 1.97 | I.10 1EX3
2X10 “ 1.00 [ 0.97 [ 0.97 | 0.97 | 1.00 | T.00 | .13 | 18Xo0%
2X12 ¢ 1.03 | 1.00 | I.00 | X.00 | X.03|1.03]|12.16 | 1x§X11}

When dressed on 4 sides take % inch off each side.

Rough lumber costs $1.00 more per M.

For dimensions sized to 1§ inch add 75 cents per M.

For No. 2, when in stock deduct $1.50 per M.

For every 2 feet over 24 feet up to 32 feet add $1.00 per M.
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TasLe XV—Continued.

COMMERCIAL SIZES OF YELLOW PINE LUMBER WITH RELA-
TIVE PRICES BASED UPON §1 PER THOUSAND FEET
BOARD MEASURE.

Heavy Jovsts, SISIE.

Length in Feet.
Actual
Size in
Inches.

N H 1
Size in Inches.

10 12 14 | 16 18 20 |22-24

3X6 & 3%X8 | 1.19 [ 1.16 | 1.16 | 1.16 | 1.19 | .19 | 1.28
3Xr0& 3X12/ 1.28 | 1.19 | 1.10 | 1.10 | 1.25 | 1.25 | 1.34
axX14 1.28 | 1.22 | 1.22 | 1.22 | 1.28 | 1.28 | 1.38
24 X14t03X14/ 1.28 | 1.22 | 1.22 | 1.22 | 1.28 | 1.28 | 1.38

For rough lumber add $1.00 per M.
For 16 inch joists add $1.00 per M. Add $2.00 per M for each 2 inches ~
over 16 inches.

Timbers.

Length in Feet.

Actual Size

Nominal Sizes in Inches, in Inches.

10 | 12 | 14 | 16 | 18 | 20 [22-24]

4X4and 4X6SandE.... 1.16x.xslx.131.131.16x.16 1.22/ 3" ofi S& E
4X8 to 8X8 rough..... 1.232(1.191.19(1.19(1.22(1.22| 1.28

4X10 to 12X 12 rough.... 1.281.25lx_.25x.251.281128 1.34]

For every 2 feet over 24 feet up to 32 feet add $1.00 per M.

Note.
SIS = ace upon one side.
SISIE =  “ ¢ “ ¢ and one edge.

S48 = “ “  four sides. .
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| Tasre XVII. - /
CAST-IRON WASHERS, -+ . .-°¢

]
|
L2

]
Diam.of boltd. D a” ¢ T Weight,
Inches. Inches. Inches. Inches. Inches. Lbs.
¥ . 28 1 3
i 3 2 o
bolos
1} 41 2} 1% 1 3
. 13 6 3 lgt 1 5%
! 13 6% 3% 1 X 6
b 13 7% 3% 1 1} 9}
. 2 81 4 zg 2 173
y 2} 9t 43 2 2} 20
2% 10} 5 zg 2} 27%
2 11 5§ 2 2 36
3 12} 6% 3t 3 46
For sizes not given D =4d + ¥; d"=2d+1%.

& = d+3; T =d.
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A J NOTE:- This drawing should be so complete
§ that a close estimate of the materials
/ ¥ required can be easily determined.
R Details drawn to scale and all

general dimensions given, as-well.as
- all rivets and their relative positions:

- ~rivets shall not be spaced .
‘nre than 8"c-c and shall be

ied in all members composed
' angles, :
oll
3 ]
. k|
28 x-234" x4 1
long Ls
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Wait’s Engineering and Architectural Jurisprudence. . .él.l8vo,

eep,

“ Law of Operations Preliminary to Construction in Ell:-

gineering and Architecture.................. 8vo,

Sheep,

Wait’s Law of Contracts.....................oivvunnns 8vo,
Warren’s Stereotomy—Problems in Stone-cutting........ 8vo,

Webb’s Problems in the Use and Adjustment of Engineering

Instruments ............coiiiiiiii.n 16mo, morocco,
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® Wheeler’s Elementary Course of Civil Engineering........ 8vo,
Wilson’s Topographic Surveying............ceovvvnneenne. 8vo,

BRIDGES AND ROOFS.
Boller’s Practical Treatise on the Construction of Iron Highway

Bridges ...... Ceeesescstrseteataaanas terieeecanens 8vo,
® Boller’s Thames River Bridge .................... 4to, paper,
Burr’s Course on the Stresses in Bridges and Roof Trusses,

Arched Ribs, and Suspension Bridges.............. 8vo,
Du Boig’s Mechanics of Engineering. Vol. IL......... Small 4to,
Foster’s Treatise on Wooden Trestle Bridges.......... . .4to,
Fowler’s Coffer-dam Process for Piers................. . .8vo,
Greene’s Roof Trusses.......... teeteetetetasesctasranns 8vo,

“ Bridge Trusses.........c.ecceeeueeneeincancnnss 8vo,
“ Arches in Wood, Iron, a.nd Stone...... teesenans 8vo,
HoWe's Treatise on ATCHES. ................oeeeenononons 8vo,
“  Design of Slmg‘l: Roof-trusses in Wood and Steel. 8vo,
Johnson, Bryan and Turneaure’s Theory and Practice in the

Designing of Modern Framed Structures...... Small 4to,
Merriman and Jacoby’s Text-book on Roofs and Bridges:

Part I.—Stresses in Simple Trusses.............ccc0ten. 8vo,
Part IT.—Graphic Statics............cccivviuveinainnns 8vo,
Part III.—Bridge Design. Fourth Ed., Rewritten. .. ... 8vo,
Part IV.—Higher Structures........... cesscessssssnses 8vo,
Morison’s Memphis Bridge..........c.ovviiiiininienannns 4to,
Waddell’s De Pontibus, a Pocket Book for Bridge Engineers
16mo, mor.,

“ Specifications for Steel Bridges.............. 12mo,
Wood’s Treatise on the Theory of the Coastruction of Bridges

and Roofs ...... Ceetseeteniaciasaannns - 1

Wright’s Designing of Draw‘spans
Part I.—Plate-girder Draws........ocoeeevieinenconsss 8vo,
Part II.—Riveted-truss and Pin-connected Long-span Draéws.
vo,
Two parts in one volume. .........ccvuveuennececnncens 8vo,
-~ HYDRAULICS.
Bazin’s Experiments upon the Contraction of the Liquid Vein

Issuing from an Orifice. (Trautwine.).......... ....8v0,
Bovey’s Treatise on Hydraulics......... teetesscersasenns 8vo,
Church’s Mechanics of Engineering..........ccoouvnueen. 8vo,

“ Diagrams of Mean Velocity of Water in Open Channels

Ooffin’s Graphical Solution of Hydraulic Problems. lﬁmo?at'll::r,
Flather’s lv)vym.mometen, and the Measurement of Power.12mo,
Folwell’s Water-supply Engineering...........ccco0veeen. 8vo,
Frizell’'s Water-power.........covveueinnanes ceeeenen ....8vo,
Fuertes’s Water and Public Health...... ceressennas ..12mo,

b Water-filtration Works..........covevniienenn 12mo,

Gmgmllet and Kutter's General Formula for the Uniform
Flow of Water in Rivers and Other Cha.nnels (Her-
i.ngﬁnd Trautwine.)..............c0eee R - L (8

Hazen’s Filtration of Public Water-su %';ly ........... vee..8v0,

%nzlehurst’s Towers and Tanks for ater-v(:orks.t. .. i ..I.‘Svo,

erschel’s 116 riments on the Carrying Capacity o rge,
Rlveud,m Conduits. ...... ry . g .. p . y .. 35:,
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Mason’s Water-supply. (Considered Principally from a Sani-
Standpoint.) .............. cerens cesecsenas ...8vo,

Merriman’s Treatise on Hydraulies.................. «ee..8v0,
* Michie’s Elements of Analytical Mechanics.............. 8vo,
Schuyler’s Reaervou-s for Irrigation, Water-power, and Domestic
Water-supply....cooveieieieennie inennnans Large 8vo,
Turneaure and ussell. Public Water-supplies............ 8vo,
Wegmanns Design and Construction of Dams............ 4to,
Water-supply of the City of New York from 1658 to

1895 ..ovtiineiniiniiiiiiiiiii i 4to,

Weisbach’s Hydraulics and Hydraulic Motors. (Du Bois.). 810,
Wilson’s Manual of Irrigation Engineering...,... .8mall 8vo,
Wolff’s Windmill as a Prime Mover........ccovveeeennnss 8vo,
Wood’s Turbines. .......ccovvirierereiineerrececsnnnass 8vo,
*“ Elements of Analytical Mechanics................. 8vo,

MATERIALS OF ENGINEERING.

Baker’s Treatise on Masonry Construction.............. 8vo,
Black’s United States Public Works.............. Oblong 4to,
Bovey’s Strength of Materials and Theory of Structures. .. .8vo,
Burr’s Elasticity and Resistance of the Materials of Engmseer-
7 P vo,
Byrne’s Highway Construction.........coevvveiiiinnnnnn. 8vo,
“  Inspection of the Materials and Workmanship Em-
loyed in Construction........ccoeceveveenns 16mo,

Church’ lgecianics of Engineering.........ccco0vennnn.. 8vo,
Du Bois’s Mechanics of Engineering. Vol. I........ Small “4to,
Johnson’s Materials of Constructiom........ ..Large 8vo,
Keeps Cast Irom.....coviiiiiiieieiieininneneneeenannss 8vo,
Lanza’s Applied Mechanics..........c.ovviieueeieniinnns 8vo,
Martens’s Handbook on Testing Materials. (Henning.).2 v., 8vo,
Merrill’s Stones for Building and Decoration............... 8vo,
Merriman’s Text-book on the Mechanics of Materm.ls ...... 8vo,
Merriman’s Strength of Materials...................... 12mo,
Metcalf’s Steel. A Manual for Steel-users............... 12mo,
Patton’s Practical Treatise on Foundations................ 8vo,
Rockwell’s Roads and Pavements in France............ 12mo,
Smith’s Wire: Its Use and Manufacture............ Small 4to,
“  Materials of Machines......................... 12mo,

Snow’s Principal Species of Wood: Their Characteristic Proper-
ties. (In preparation.)

Bpa.ldmg’s Hydraulic Cement.........ccooueevvnen.. o ...12mo,
Text-book on Roads and Pavements.......... 12mo,
Thurston’s Materials of Engineering.............. 3 Parts, 8vo,
Part I.—Non-metallic Materials of Engmeenng and Metal-
lurgy .ooeeveiinninan. tecesetncenesaseanne eeeeaan 8vo,

Part II.—Iron and Steel.............ccocvvviiiiian. 8vo,
Part III.—A Treatise on Brasses, Bronzes and Other Alloys
and Their Constituents........................... 8vo,
Thurston’s Text-book of the Materials of Construction.....8vo,
Tillson’s Street Pavements and Paving Materials.......... 8vo,
Waddell’s De Pontibus. (A Pocket-book for Bridge Engineers.)
16mo, morocco,
“  Bpecifications for Steel Bridges................ 12mo,
Wood’s Treatise on the Resistance of Materials, and an Ap-
pendix on the Preservation of Timber..... eee..8v0,
“ Elements of Analytical Mechanics......... R 8vo,
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RAILWAY ENGINEERING.

Andrews’s Handbook for Street Railway Engineers. 3x5 in. mor.,
Berg’s Buildings and Structures of American Railroads...4to,
Brooks’s Handbook of Street Railroad Location..16mo, morocco,

Butte’s Civil Engineer’s Field-book............ 16mo, morocco,
Crandall’s Tranmtion Curve................... 16mo, morocco,
“ Railway and Other Earthwork Tables........ 8vo,

Dawson’s Electric Railways and Tramways.Small 4to, half mor.,
“  “Engineering ” and Electric Traction Pocket-book.
Dredge’s History of the Pennsyl Railroad: ‘?'1%%’9 ) -Paper,
s ry of the Pennsylvania 0a aper,
® Drinker’s Tunneling, Explocgve Compounds, and Rock Drills. Pe
4to, half morocco,
Fisher’s Table of Cubic Yards............couoveen. Cardboard,
Godwin’s Railroad Engineers’ Field-book and Explorers’ Guide.

16mo, morocco,
Howard’s Transition Curve Field-book......... 16mo, morocco,
Hudson’s Tables for Calculatmg the Cubic Contents of Exca-
vations and Embankments.................cc..... 8vo,
Nagle’s Field Manual for Railroud Engineers. . . . 16mo, morocco,
Philbrick’s Field Manual for Engineers........ 16mo, morocco,
Pntlt am}l :ll&ienl Street-railway Road-bed..... : 6 ........ 8vo,
Beu es’s Engmeu'ing .................... mo, morocco,
Railroad Spiral......c.cvvcenieeccens 16mo, morocco,

Taylor's Prismoidal Formuln and Earthwork............. 8vo,

® Trautwine’s Method of Calculating the Cubic Contents of Ex-
esv:tums and Embankments by the Aid of Dia-

................................... 8vo,
. “ Fleld Practice of Laying Out Circular Curves
fot Railroads.......cooc0vnenenn 12mo, morocco,
. “ Cross-section Sheet....................... Paper,
Webb’s Railroad Construction...............ccovinuunen. 8vo,

Wellington’s Economic Theory of the Location of Railways..
Small 8vo,

DRAWING.

Barr’s Kinematics of Machinery.........ccce0vveeeeee....870,
® Bartlett’s Mechanical Drawing........coeveeevaceeens ...8vo,
Coolidge’s Manual of Drawing.................... 8vo, paper,

Durley’s Elementary Text-book of the Kinematics of Machines.

(In preparation.)
Hill’s Text-book on Shades and Shadows, and Perspective..8vo,
Jones’s Machine Design:

Part I.—Kinematics of Machinery........ccoecvvueeenn. 8vo,
Part II.—Form, and Proportions of Parts. cees.8V0,
MacCord’s Elements of Descriptive Geometry..... cerienans 8vo,
“ Kinematics; or, Practwa.l Mechanism.......... 8vo,

“ Mechanical Drawing............. ceverscaccans .4to,

“ Velocity Diagrams. .......c....covviuiiennn. ...8vo,

® Mahan’s Deecnptlve e and -Stone-cutting.......8vo,
Mahan’s Industrial Dra 3 1 T T 8vo,
Reed’s Topographical Drawm and S etching......cccoen.. 4to,
Reid’s Course in Mechanical WIDZ. coviieriernanenanes 8vo,
“  Text-book of Mechamcal Drawing and Elementary Ma-
chine Design.......ccco0ceeene R -

Robinson’s Principles of Mechunilm......................8vo,
8
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Smith’s Manual of Topographical Drawing. (McMillan.).8vo,
Warren’s Elements of Plane and Solid Free-hand Geometrical

m?nst ............................ 12mo,
“ Draftmg ruments and Operatlons .......... 12mo,
“ Manual of Elementary Projection Dra ....12mo,
“ Manual of Elementary Problems in the Linear Per-
spective of Form and Shadow.............. 12mo,
“ Plane Problems in Elementary Geometry....... l2mo,
“ Primary Geometry.......covevieneeeriecnnnns
“ Elements of Descriptive Geometry, Shadows, and ger-
.................................... vo,
“ Genp::a.l Problems of Shades and Shadows....... 8vo,
“  Elements of Machine Construction and Drawing. .8vo,
“ Problems, Theorems, and Examples in Descriptive
Geometry ..ovvvveniiiieneeeiieninnnansccnnns 8vo,
Weisbach’s Kinematics and the Power of Tnnsxmas:on (Herr-
mann and Klein.) ..coooviiiiiiiiiiiiiiecieneennnn 8vo,
Whelpley’s Practical Instruction in the Art of Letter En-
BTAVIDE ..ouocurncnneereriniiiieiininns teenanes 12mo,
Wilson’s Topographic Surveying.............ccc000een....8v0,
Wilson’s Free-hand Perspective..................c.....0. 8vo,

Woolf’s Elementary Course in Descriptive Geometry. Large 8vo,

ELECTRICITY AND PHYSICS.
Anthony and Brackett’'s Text-book of Physnec (Magne.)

Pt et ) [ ]
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8vo, 3 00
Anthony’s Lecture-notes on the Theory of Electnca.l Measur-
ment8 .....ce.ccececicccicnccsoncns cececescnans 12mo, 1 00
Benjamin’s History o! Eleetnelty................ e....8v0, 3 00
Benjamin’s Voltaic Cell............. teeesscecennns 8vo, 8 00
Classen’s Qantitative Chemical Analyus by Electrolysis. Her-
rick and Boltwood.)......ccovieieiieriiiecnianannn 8vo, 3 00
Crehore and Squier’s Polarizin, ﬁhobo-chro h ...... 8vo, 3 00
Dawson’s Electric Rnilwey- mways..S; , half mor., 12 50
Dawson’s “ Engineering” and Electrie Tractxon Pocket-book.
16mo, morocco, 4 00
Flather’s Dynamometers, and the Measurement of Power..12mo, 3 00
Gilbert’s De Magnete. (Mottelay.)....cccvvvvnirnnnnen. 8vo, 2 50
Holman’s Precision of Measurements..........ccc00eeeaens 8vo, 2 00
“ Telescopic Mirror-scale Method, Adjust.menta and
- Large 8vo, 76
Landauer’s Spectrum Analysis. (Tingle.)................ 8vo, 3 00
Le Chatelier’s Hngh-temperature Measurements. (Boudouard—
Burgess.) ..teeeiiiiiiiiiiiiiiiiiiiiiiiieeiniens 2mo, 3 00
Lob’s Electrolysis and Electrosyntheau of Organic Compoundn
(Lorenz.) ...................................... 12mo, 1 00
L ns’s Treatise on Electromagnetic Phenomena. .......... 8vo, 6 00
ichie. Elements of Wave Motion Relating to Sound and
B . 8vo, 4 00
Niaudet’s Elementary Treatlse on Electnc Batteries (F18h°
1T 12mo, 2 50
® Parshall and Hobart’s Electric Generators..Small 4to, half mor., 10 00
Ryan, Norris, and Hoxie’s Electrical Machinery. (In preparatio n.)
Thurston’s Stationary Steam-engines.............c....... 8vo, 2 50
® Tillman. Elementary Lessons in Heat:........cc00veeen. 8vo, 1 50
Tory and Pitcher. Manual of Laboratory Physics..Small 8vo, 2 00
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'Davu. Elements of Law........cocovvveiniiiinencnene. 8vo,
“ Treatise on the Military Law of United States. 8vo,

* Sheep,
Manual for Courts-martial................... 16mo, morocco,
Wait’s Engineering and Architectural Jurisprudence... ‘5 8vo,
eep,

“ Law of Operations Preliminary to Conmstruction in Eg
gineering and Architecture.....................8v0,

Sheep,

“  Law of Contracts. . S - (.8
Winthrop’s Abridgment of Mllltary Law....... ceveses 12mo,

MANUFACTURES.

Beaumont’s Woollen and Worsted Cloth Manufacture. .. .12mo,
Bernadou’s Smokeless Powder—Nitro-cellulose and Theory of
the Cellulose Molecule........ teerenes cerececnnas mo,
Bolland’s Iron Founder...........covvveueenennss 12mo, cloth,
“  “The Iron Founder” Supplement. . 12mo,

“ Encyclopedia of Founding and chtlonary of Foundry
Terms Used in the Practice of Moulding....12mo,

Eissler’'s Modern High Expiosives............ccc0venunnn 8vo,
Effront’s Enzymes and their Applications. (Prescott.)...8vo,
Fitzgerald’s Boston Machinist............... eereeasnan 18mo,
Ford’s Boiler Making for Boiler Makers.............. 18mo,
Hopkins’s Oil-chemists’ Handbook.......cccvaveiiinennenns 8vo,
Keep’s Cast IFOM....ccvvuviinneinnrioicnnsoncccnncennns 8vo

Leach’s The Inspection “and Analysis of Food with Special
Reference to State Control. (In preparation.)

Metecalf’s Steel. A Manual for Steel-users.............. 12mo,
Metcalf’'s Cost of Manufactures—And the administration of
Workshops, Public and Private............... 8vo,
Meyer's Modern Locomotive Construction................. 4to,
® Reisig’s Guide to Piece-d; em .......................... 8vo,
Smith’s Press-working of Metals......................... 8vo,
“  Wire: Its Use and Manufacture ............ Small 4to,
Spalding’s Hydraulic Cement...............cccevinuennn. 12mo,
Spencer’s Handbook for Chemists of Beet-sugar Houses.
16mo, morocco,
“ Handbook for Sugar Manufacturers and their Chem-
.............................. 16mo, morocco,
Thurston’s Manual of Steam-boilers, their Designs, Construc-
tion and Operation...........ccoivviieniinencnnnnn. 8vo,
Walke’s Lectures on Explosives.......c.ccovvivensncecsanss 8vo,
West’s American Foundry Practice. . .12mo,
“  Moulder's Text-book.......cceeiiieniiiniennenns 12mo,
Wiechmann’s Sugar Analysis........ e Small 8vo,
‘Wolff’s Windmill as a Prime Mover......c.coeceeveeececens 8vo,
Woodbury’s Fire Protection of Mills.....................8vo0,

MATHEMATICS.
Baker’s Elliptic Functions.............cooiiuvainen R 8vo,
® Bass’s Elements of Differential Calculun ........ [ 12mo,
Briggs’s Elements of Plane Analytic Geometry.......... 12mo,

Chapmans Elementary Course in Theory of Equations...12mo,
Compton’s Manual of Logarithmic Computations........12mo,
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Davis’s Introduction to the Logic of Algebra..............8vo0,
*Dickson’s College Algebra......cee000eeees.....Large 12mo,

“  Trigometry: Analytical, Plane, and Spherical.. 12mo,

MECHANICAL ENGINEERING.
MATERIALS OF ENGINEERING, STEAM ENGINES

AND BOILERS.
Baldwin’s Steam Heating for Buildings..................12mo,
Barr’s Kinematics of Machinery............. Geseveceans 8vo,
* Bartlett’s Mechanical Drawing........ccovveeeueeneeen. 8vo,
Benjamin’s Wrinkles and Recipes.......... Ceeererennas 12mo,
Carpenter’s Experimental Engineering.................... 8vo,
Heating and Ventilating Buildings........... 8vo,

Clerk’s Gas and Oil Engine............ccovivinnnen. Small 8vo,
Coolidge’s Manual of Drawing.................... 8vo, pa
Cromwell’s Treatise on Toothed Gearing... ceeaen e mo,

“ Treatise on Belts and Pulleys ............... 12mo,

Durley’s Elementary Text-book of the Kinematics of Machines.
(In preparation.)
Flather’s Dynamometers, and the Measurement of Power , . 12mo,

Halsted’s Elements of Geometry............. teteerereans 8vo,
“ Elementary S{nthetlc Geometry ............... 8vo,

* Johnson’s Three-place Logarithmic Tables: Vest-pocket size, -
pap.,
o 100 copies for
* Mounted on heavy cardboard, 8 X 10 inches,
10 copies for
“ Elementary Treatise on the Integral Calculus.
Small 8vo,
“ Curve Tracing in Cartesian Co-ordinates...... 12mo,
“ Treatise on Ordinary and Partial Differential
Equations ........cooovniiiiiiinnnnn, Small 8vo,
“ Theory of Errors and the Method of Least
Squares .........ciieiiiieiiieiiiiieinans 12mo,
¢ @ Theoretical Mechanics............ccoueno... 12mo,
Laplace’s Philosophical Essay on Probabxhtles (Truscott and
oL (nEmod)h......F.‘l ..... (s of Tricomometry a; a....12n;?]
udlow and Bass, ements o ometry and Logarith-
mic and Other Tables......... gon .. ry .......... 8vo,
“ Trigonometry. Tables pubhshed separately. .Each,
Merriman and Woodward. Higher Mathematics.......... 8vo,
Merriman’s Method of Least Squares............ eeeeees 8vo,
Rice and Johnson’s Elementary Treatise on the Differential
Calculus ......coo00vennunns Small 8vo,
“ Differential and Integral Calculus. 2 vols.
inone......cooeevuunnnn . .Bmall 8vo,
Wood’s Elements of Co-ordinate Geometry ............... 8vo,

“ Rope Driving......ccoveiiiiiiiiiiineiiacnnns 12mo, -
Gill's Gas an Fuel Analysis for Engineers.............. 12mo,
Hall’s Car Lubrication....... Ceeeeteracanans [N 12mo,
Jones’s Machine Design:

Part I.—Kinematics of Machinery.......ccoovvivuennens 8vo,
Part II.—Form, Strength and Proportions of Parts...... 8vo,
Kent’s Mechanical Engineers’ Pocket-book....16mo, morocco,
Kerr's Power and Power Transmission.................. 8vo,

1

Vot ek ot ot

NN W DOTW N O W e~ N0 O

e b i ) DD GO DO RO

DOCRCY It e b= DO O

8 88 8 38 8885 2388

888 8 8888

8888 8K88 3338338823



lthord’c Kinematics; or, Practical llech.numSvo.
Meclnnienl Drawing
“ Indvel Dn tesecececcssacacnane a,
Mahan’s ustrial (Thompeoa.)............... 8v
Poole’s Calorific Power :}nﬁn‘. teccecssscnane [ 8'&
Reid’s Course in Mechanical anmf)n ...................

“ Tg‘cbm of Mechanical wing and Elementtry
Richards’s Compr?::fnmr .......... tesecessensesscnes 12mo,
Robinson’s Pnncxplenofl[eelnmm cesscsssscssssces .e..8v0,
Smith’s Press-working of Metals...... F O TN 8vo,
Thurston’s Treatise on Friction and Lost Work in Machin-

ery and Mill Work...................... .8vo,

“ Amma.luaMnchmemdanoMotmandthe
Laws of Energetics........ccc0c0vueeeean. 12mo,

‘Warren’s Elements of Machine Oonstructlon and anmg .8vo,
Weisbach’s Kinematics and the Power of Transmission. (Herr-
mann—Klein.) ........ociiiiiiiiiiiiiann... 8vo,

“ Machi of Transmission and Govemors. (Herr-

e mann—KIlein.) ....cccceiieiiiiieciaicncannn 8vo,
Hydraulics and Hydraulic Motors. (Du Bois.). 8vo,
Wolf’s Windmill as a Prime Mover.........cccccvve.....8v0,
Wood’s Turbines..... sesecseccsscsscccsces cesssccneonnas 8vo,

MATERIALS OF ENGINEERING.

Bur:r trength of Materials and Theory of Structures. .8vo,
l!hstmty and Resistance of the Materials of Engmeer-
............................ P 1L Y
Church’s Mechanics of Engineering........cccveeeeeeeeen. 8vo,
Johnson’s Materials of Constmﬁ%m ............... Large 8vo,
Keeps Cast Irom.........coviiniiiiniinnnnnnnnncans .....8v0,
Lanza’s A];gl;ned Mechanies........cociiiieencnnencees ....8v0,
Martens’s dbook on Testing Materials. (Henmng )-.. 8vo,
l[errunlns Text-book on the Mechanics of Materials....8vo,
Strength of Materials...........cc000nuens. 12mo,

Metcalf's Steel. A Manual for Steel-users.............. 12mo,
Smith’s Wire: Its Use and Manufacture............. Smdll 4w,
Thl;‘rstonM“mm Mafc%::h ................... v liméno.
’s o eering..............3 vo vo,

Part II—Iron and Steel...........cccvieeiennncnccanns 8vo,
Part ITI.—A Treatise cn Brasses, Bronzes and Other Alloys
and their Constituents...............cc00ceveenne. 8vo,
Thurston’s Text-book of the Materials of Construction. . . .8vo,
Wood’s Treatise on the Resistance of Materials and an Ap-
pendix on the Preservation of Timber.......... 8vo,
“  Flements of Analytical Mechanics................ 8vo,

STEAM ENGINES AND BOILERS.
Carnot’s Reflections on the Motive Power of Heat. (Thurston.)

12mo,
Dawson’s “ Engineering ” and Flectric Traction Pocket-book.
16mo, morocco,
Ford’s Boiler Making for Boiler Makers..... tessescecns 18mo,
Gosa’s Locomotive Sparks............covieiiiiiinnennnes 8vo,
Hemenway’s Indicator Practice and Steam-engine Economy.
12mo,
Hutton’s Mechanical Engineering of Power letl cesees.8v0,
Heat and Heat-engines........ S 8vo,
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Kent’s Steam-boiler Economy.............cceu.... ceeenen 8vo,
Kneass’s Practice and Theory of the Injector.. 8vo,
MacCord’s Slide-valves.......... ceeeeeeeanes . .8vo,
Meyer’'s Modern Locomotive Conmstruection................ 4to,
Peabody’n Manual of the Steam-engine Indicator......... 12mo,
Tables of the Ptopertles of Saturated Steam and
Other Vapors.......cooveeeeeecanccnnccannss 8vo,
“  Thermodynamics of the Steam-englno and Other
Heat-engines ..........cciiineinenncenncnne. 8vo,
“ Valve-gears for Steam-engines. .... Cereerateeens 8vo,
Peabody and er. Steam-boilers......................8vo0,
Pmy's wenty Years with the Indicator............ Large 8vo,
Pupin’s Thermodynamics of Reversible Cycles in Gases and
Saturated Vapors. (Osterberg.)................. 12mo,
n’s Locomotive Mechanism and Engineering...... 12mo,
Rontgen’s Principles of Thermodynamlcs (Du Bois.)....8vo,
Sinclair’s Locomotive Engine Running and Management. . 12mo,
Smart’s Handbook of Engm ring Laboratory Practice. .12mo,
Snow’s Steam-boiler Practice...... eeteescessettecnsannes 8vo,
Spanglet’s Valvegears. .....cocoiieieiiiennennenacnnnnnns 8vo,
Notes on Thermodymmxes cerenees cesenees ..12mo,
Thnnton s Handy Tables....... coeeseccesessssasecsesans 8vo,
Manual of the Steam-engine.......... 2 vols., 8vo,
Pa.rt I.—History, Structure, and ry ................ 8vo,

Part II. —-Deuﬁ,o Construction, and Operation..........
Thurston’s Handbook of Engine and Boiler Trials, and tho Une
of the Indlcutor and the Prony Brake........ 8vo,
“ Stationary Steam-engm ................. ...8vo,
“ Bteam-bmler Explosions in Theory and in Prac.
.................................. 12mo,
“ Manua.l of Steam- boilers, Their Designs, Construe-

tion, and Operation........................ 8vo,
Weisbach’s Heat, Steam, and Steam-engmea (Du Bois.). 8vo,
Whitham’s Steam-engine Design..................... «e...8v0,
Wilson’s Treatise on- Steam- bollers- (Flather) .......... 16mo,
Wood’s Thermodynamics, Heat Motors, and Refrigerating
Machines ...... ceeeineneans eeecssssscncnnaans «e..8vo,
MECHANICS AND MACHINERY.
Barr’s Kinematics of Machinery..........oolveiueeane.n. 8vo,
Bovey’s Strength of Materials and Theory of Structures. .8vo,
Chordal.—Extracts from Letters........................12mo,
Church’s Mechanics of Engineering..........co.couueeen. 8vo,
“ Notes and Examples in Mechanics. ... .8v0,
Compton’s First Lessons in Metal-working.............. 12mo,
Compton and De Groodt. The Speed Lathe..............12mo,
Cromwell’s Treatise on Toothed Gearing................ 12mo,
“ -Treatise on Belts and Pulleys................ 12mo,
Dana’s Text-book of Elementary Mechanics for the Use of
Colleges and Schools............. csecssseecsesss]2mo,
szey’s Machinery Pattern Making.................... 12mo,
Dredge’s Record of the Transportation Exhibits Building of the
World’s Columbian Exposition of 1893. ... .4to, half mor.,
Du Bois’s Elementary Principles of Mechamcs.

Vol. IL—Kinematics ......cccc0vuiincenrcncecccncecs...8v0,
Vol. TI.—8tatics. .covveeuneirnineinreecnnannes ceeeaen 8vo,
Vol. TIL—KInetica. . . .0 vnvunsrsvnennsnssnsnnmnnneenens 8vo,
Du Boms Mechamcs of Engmeenng. Vol. I........ Small 4to,
Volll........ Small 4to,
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Durley’s Elementary Text-book of the Kinematics of Machines.
(In preparation.)

rald’s Boston Machinist............cccecvuvee....16mo,
Flather's Dynamometers, and the Mmumment of Power. 12mo,
“ Rope Driving......ccovevveeenn. ceecscsecess.12mo,
Goss’s Locomotive Sparks.

.8vo,
Hall’s Car Lubrication.... .. .12mo:
Holly’s Art of Saw Filing. .. . eeees.18mo,
* Johnson’s Theoretical echamcs tesearecescrentnanans 12mo,

Johnson’s Short Course in Statics by anhlc and Algebraic
Methods. (In preparation.)
Jones’s Machine Design:
Part I—Kinematics of Machin R - A (B
Part II.—Form, Strength and portlons of Parts....8vo,
Kerr’s Power and Power Transmission........ce000eee.. 8vo,
Lanza’s Apﬁlllned Mechanics.........ccc0eeeenne ceseseenes 8vo,
MacCord’s ematws, or, Practical Mechmism .8vo,
“ Velocity Diagrams........ccccevueeses. cssee..8v0,
Merriman’s Text-book on the Mechp.mea of Mstena.ls ve...8v0,
. chhle’l Elements of Analytical Mechanics........ veee..8v0,
’s Locomotive Mechanism and Engineering.......12mo,
Reid’s Course in Mechanical Dramng .8vo,
“ Text-book of Mechanical Drawing and Elementary
Machine Design..........cccueee. cecersseccsss .8V0,
Richards’s Compressed Air....... ......................lzmo,
Robinson’s Principles of Mechanism.........cc00euue.s ...8vo,
Ryan, Norris, and Hoxie’s Electrical Machmery (In preparatio:
Sinclair’s Locomotive-engine Running and Management. . 12mo,
Smith’s Prese-working of Metals......ccco0eeecencceee.. 8vo,
“  Materials of Machines........................
Thurston’s Treatise on Friction and Lost Work in Ma.clun-

ery and Mill Work.......cco0e0evinnnnanns 8vo,

“ Animal as a Machine and Prime Motor, and the
Laws of Energetics.......... cesssrsscnans 12mo,

Warren’s Elements of Machine Construction and Drawing. .8vo,
Weisbach’s Kinematics and the Power of Transmission.
(Herrman—Klein.) ......ccco0innneenn ...8vo,

“ Machinery of Transmission and Governors. (Herr-
(man—Klein.) ..... sesecsecsrssssssess .8V0,

Wood’s Elements of Analytical Mechanics................ 8vo,
“  Principles of Elementary Mechanics..... eeeeees.12mo,

“  Turbines .....ccecneen cesesescesseans ceeesecss.8v0,

The World’s Columbian Exposition of 1893. .. ............ .4to,

METALLURGY.
Egleston’s Metallurgy of 8ilver, Gold, and Mercury:

Vol. I—Silver........ccoevnvn..
Vol. I.—Gold and Mercury....
ok Iles s Lead-smelting.................ccoiiiiina., 12mo,
Keep’s Cast ITOD...cccvvurevreieeierionsecnnconsssasnncs 8vo,
Kunhardt’l Practice of Ore Dressmg in Lurope..........
Le Chatelier’s High-temperature Measurements. (Boudouard—
Burgess.) ......cccieeiiiieiiinnnnns Secetsssceces 12mo,
Metealf’s Steel. A Manual for Steel-users.............. 12mo,
Smith’s Materials of Machines......................... 12mo,
Thurston’s Materials of Engineering. In Three Parts...... 8vo,
Part II.—Iron and Steel.......cocvveviieniveccninnenas 8vo,
Part IIT.—A Treatise on Braues, Bronzes and Other Alloys
and Their Constituents..........cccvevennnes [ 8vo,
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MINERALOGY.
Barringer’s Description of Minerals of Commercial Value.

Oblong, morocco,
Boyd’s Resources of Southwest Virginia................ 8vo,
“ Map of Southwest Virginia........ Pocket-book form,
Brush’s Manual of Determinative Mineralogy. (Penfield.).8vo,
Chester’s Catalogue of Minerals........ ceteceeaiaes 8vo, gx;per,
“ Dictionary of the Names of Minerals............ 8vo,
Dana’s El?:tem of Mineralogy.... ......Large 8vo, half leather,
“ irst Appendix to Dana’s New “ System of Mlneralogy »
vo,
“ Text-book of Mineralogy........... ...........r.g.e.svo,
“  Minerals and How to Study ThEM. v evonnenenss 12mo,
“  Catalogue of American Localities of Minerals.Large 8vo,
“ Manual of Mineralogy and Petrography.......... 12mo,
Egleston’s Catalogue of Minerals and Synonyms.......... 8vo,
Hussak’s The termination of Rock-forming Minerals.
S(Smith.) ceveviiieiirnreiriieiettittciinennss Small 8vo,
¢ Penﬂeld’s Notes on Determinative Mmeralogy and Record of
Mineral Tests......c..cevoieeneenneininn... 8vo, paper,
Rosenbusch’s Microscopical Physxography of the Rock-making
Minerals. (Idding’s.)......c.covivenennennnnnnnnnss 8vo,
* Tillman’s Text-book of Important Minerals and Rocks. 8vo,
Williams’s Manual of Lithology.......ccccvvvivennenn.....8vo0,
MINING.
Beard’s Ventilation of Mines............. ceeeenns ....12mo,
Boyd’s Resources of Southwest Vlrgmh. e 8vo,
“  Map of Southwest Virginia..... .. . Pocket-book form,
* Drinker’s Tunnelmg, Explosive Oompounds, and Rock
Drills....coveiieiiiieniiieninnencnnns 4to, half morocco,
Eissler's Modern ngh Exploslvea cesessesreanne ceesaaeen 8vo,
Fowler’s Sewage Works Analyses......................
Goodyear’s Coal-mines of the Western Coast of the Umte&
States ......iiiiiiiiiiiiiiiiiiiana, cevesessss.12mo,
Thlseng’s Manual of Mlmng ....... ceseensecsssess..8V0,
** Tles’s Lead-smelting. ..................oviiuens. 12mo,
Kunhardt’s Practice of Ore Dressing in Europe..... veeee..8V0,
O’Driscoll’s Notes on the Treatment of Gold veeeeeses.8V0,
Bawyer's Accidents in Mines........cc.0000... cevens vees.8vO0,
Walke’s Lectures on Explosives............ccc0vivvene...8v0,
Wilson’s Cyanide Processes..........ccoovveeneeernse...12mo,
Wilson’s Chlorination Process....... ceeestesasasssssss.]2mo,
Wilson’s Hydraulic and Placer Mining.................. 12mo,
Wilson’s Tretti!.tise on Practical and Theoretical "Mine Ventila:
L) R ceressrcens ceseaes 12mo,

-SANITARY SCIENCE.
Folwell’s Sewerage. (Designing, Construction and Maintenance.)

8vo,

“ Water-supply Engineering.......ccce0vvueenn.. 8vo
Fuertes’s Water and Public Heelth ........l2mo:
“ Water-filtration Works........ cesesssann «ees.12mo,
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Gerhard’s Guide to Banitary Houae—mpectxon ........ . .168mo,
Goodrich’s Economical Dxﬂmn.l of Towns’ Refuse...Demy 8vo,
Hazen's Filtration of Public Water-supplies........... ....8v0,
Kiersted’s Sewage Disposal......coccceeieverenenecnnenns 12mo,
Leach’s The Inspection and Analysis of Food with Special
Reference to State Control. (In preparation.)

Mason’s Water-supply. (Considered Principally from a San-
itary tandpoint. 3d Edition, Rewritten.....8vo,

“ Examination of Water. (Chemical and Bacterio-

logical) ...ccviiiiiiiiiiiiiaannn ceesess..12mo,
Merriman’s Elements of Sanitalx Engineering. ........... 8vo,
Nichols’s Water-supgly. (Considered Mainly from a Chemical
and Sanitary Standpoint:) (1883.) ................ 8vo,

O en’ 8 Sewer Design.............. cieeessenns 12mo,

ice’s Handbook on Sanitation............cc..0..0...12mo,
Richnrdu Cost of Food. A Study in Dietaries. teeeeeeess12mo,
Richards and Woodman’s Air, Water, and Food from a Sani-
tary Standpoint...............ccociiiiiiiiiiane 8vo,
Richards’s Cost of Living as Modifled by Samta.ry Bc:ence l2mo,

* Richards and Williams’s The Dietary Computer. . . .8vo,.

Rideal’s Sewage and Bacterial Purification of Sewago. «e...8v0,

Turneaure and Russell’s Public Water-supplies............8vo,

pple’s Microscopy of Dnnkmg—water ...... ceseseenss..8v0,

Wood ull’s Notes on Military Hygiene. . teseessess..16mo,
MISCELLANEOUS.

Barker’s Deep-sea Soundings............ccoveeiiinnnnens 8vo,

Emmowns’s Geological Guide-book of the Rocky Mountain Ex-
cursion of the International Congress of Geologists.

Large 8vo,

Ferrel’s Popular Treatise on the Winds.............. ....8vo,
Haines’s American Railway Management ........... ves..12mo,
Mott’s Composition, Digestibility, and Nutritive Value of Food.
Mounted chart,

“  TFallacy of the Present Theory of Sound.......... 16mo
Ricketts’s History of Rensselaer Polytechnic Institute, 1824
1894, ... viiiiiiiiiiiiiiiettiiittsteeaeann Small 8vo,
Rotherha.m s Emphasised New Testament..... «+....Large 8vo,
Critical Emphasised New Testament veese.12mo,

Steel’s Treatise on the Diseases of the Dog................8vo,
Totten’s Important Question in Metrology....... veesees..8V0,
The World’s Columbian Exposition of 1893.............. 4to,

"Worcester and Atkinson. Small Hospitals, Establishment and
Maintenance, and Suggestions for Hospital Architecture,
with Plans for a Small Hospital............ veee..12mo,

HEBREW AND CHALDEE TEXT-BOOKS.

Green’s Grammar of the Hebrew Language......
¢  Elementary Hebrew Grammar......... .
¢“  Hebrew Chrestomathy............cccivieievennn.
Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament
Secriptures. (Tregelles.)........ Small 4to, half morocco,

Letteris’s Hebrew Bible.........cccoviiiiiiiinnnnnens ...8vo,
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