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THE DESIGN OF A ROOF TRUSS FOR THE PROPOSED DRILL

SHED AT 0. A. C.

By an appropriation of the Oregon Legislature of
1209 ‘it becomes possible for the Oregon Agricultural
College to build a drill shed, a thing long nseeded Dby
this institution.

Bennis, Hendricks and Tobey, architectis of Port-
land submitted plans for this drill shed and in design-
ing the truss for this building we have taken the gen-
eral shape of the truss the same as furnished us by
these architects.

We -have taken this shape not because it is the-same
as taken by them but because after an investigation
we found it to be as good if not better than any other
for'this kind of a building. While we have used their
shape of a truss we have not used their data in the
designing of this truss but designed it after our own
ideas. And in ths calculation of stresses we used
altogether different snow and wind loads, but practicaj-
ly the same dead loads.

In building a shed of this kind it is almost im-
possible to construct a roof without the aid of truss-

¥

8 because to have pillars within the building would
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nterfere greatly with the purpose for which the shed
is to be built:

Before proceeding with any explanation of the trus

it might be well to explain what a truss is and what




is its purpose. A roof truss as defined by Merriman 57 Y
and Jacoby is a structure whose plane is vertical and
is supported at its ends by the side walls of ﬁhq bui 1
ing, being so- arranged that its principal members are
subjedted only to tensile or compressive stfeéses under
the influence of the loads which it is designed to caryy.

The points whers the center linses of the deaccnt
members mest are the centers of the connéction which
form the joints. The joints of the truss are suppos-
ed to be perfectly flexible, and the external forces
consisting of the loads and reactions to be applied
only-at the joints. :

For stability the elementary figurcsvoomposing a
truss must be trianglss, since a triangie is the ohi}
polygon which cannot change its shape without altering
the lengths of its sides when loaded at one or more
joints.

The "épan“ of a truss is the distance between the
end joints or the centers of the supports, and the
"rige" is'the distance from the highest point or peak
to the line on which ‘the span is measured.

‘The "upper chord" OOnsists of the upper lins of
members extending from one support to the other. The
lower line of members is known as the "lowsr ghord."

The truse to bz used in the drill shed is what is
known as a.parabolic bowsiring truss; The upper
chord being the arc of a parabola and the lower chord

Jtwo arcs of a parabolam joined in the middle by a tan-




gent. All members of the truss are angle irons of
mild steel and ars used singlsé in someé members and
double in others. A factor of safety of four is used
in"all members whether in tension or compression,
strength of materials are taken as given by Carnegie
Hand Book of Carnegie:Steel Company. A1l work is
done by the graphic meéthed with numerous checks by the

analytic method. Cheoks are within 2 %.

PLATE 1.

Plate 1 shows the genéral outline of the truss
with dimensions of all members. It is drawn to a
écale of 1 to 60. The truss has a span-of 120 feet,
that is, the distance bstween supports. The risé of
the upper ohord is 22 feet above a horizontal: line
gonnecting the supporting points, . Its form is the
arc of a parabola which is divided into 19 egual parts.
Beginning at the middle point and going each way to-
ward the supports evsry second point on the parabola
18 oonnected by a chord, as, points 'l and 3, 3 and 5,
5 and 7., ‘eto«y untii the last-point:from sach end is
reached, the remainder of which is divided into two
parts and connsdted by chords.

The lower chord has'a rise of 10 feset. It is
formed by the arcs of two parabolas, which are joined
in the middle by a tangent. 26 feet 8 inches, in
length. The arce in the lower chord are divided in
the same manner 'as in ‘the upper chord excepting the

bart betwesn the supporting points and the first points
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The lower chord is 8 Ls 54n. x 3 in. x 13/16 in.
joined in the sams way.

Thé truss is supported at each end by a latiiced
oolumn 14 in x 14 ins and 10 fset in height, which

rests upon a concrets pser 20 in x 24 in. ( fes dis-

v

cription elsewhere) The truss is pivoted at one end

PLATE 11.

Plate 11 shows the dead load diagram, The .dead
load includes the weight of the truss itself and th®
roof Covaring. The .roof covering is taksn:as’ twenty

pounds per square foot of surface.
is 5 kips (5000 pounds) per inch.

In distributing the Je@d load it is supposed that
a1l ‘loads are csntersed at the pannel points on the
uppeér chord, as the purliné rest on these points and
take the load off all other parts. Half of the dead
load on each side of every pannel point is  taken as
concéntrated at that point.

The construction is begun by laying off the load
line 2@’ equal to the :total dead load, ' Beginning at
the left hand side.of the truss; the.reaction a » is
laid off to scale ( 5 kips to the inch), then the

reaction Pa' at the right is laid off, next the loads

-~

&b Do, o'dl arelE el ba are laid o
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£ clos-—




ing back to
paralled to

paralled to

4

the point 2.

cr

point 1.
ing aline
is continued

in. regular

starting point

Now by

tiplying it

Next from 1 a perpen

from r paralled . toi.RM at m.

Then from k, k1 is drawn paralled to KL

o mest a line from b drawn parallel to BL giving the

dicular is drawn meet-
This method
on thrcugh “the: truss, taking each'member

rder until finally it closes back to the

measuring the length of any line and mul-

by the scale ussd the stress in the memb-

er corresponding to that line can bs determined. And
by following through the diagram the: naturs of the

stress, whether it is in tension oXr Compreéssion can
be asce&rtained. If the foree= is acting toward .the
joint: the member is positive or in tension, and if 1%

compression.

it is known

the same dia
per cent of
as

is

FPor example, starting at point a,
that a r i8 acting up, that is toward the
acting away from the joint,.thersfore it

and ka is toward the joint or in com-—
o LY
~

the dead load. The. snow load is taken

about 7% pounds per square foot of surfacs. That

considersd a maximun in this country being more
(]
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PLATE 111,

Plate 111 ‘shows thé diagram for 'the wind:acting
on “the free side of the truss.

The pressure produced by the wind on a roof sur-
face depends on the direction and velecity of the winmi
and on the inclination of the roof surface. The wind
is supposed to move horizontally, and a hurricane of
100 miles per hour exerts a pressure of probably S50
rounds per square foot of surface normal to its dires
tion.

The wind in this case is taken as 40 pounds per
square foot on the vertical projection. This is con-
sidered a maximum in this country as it représents a
wind of about 80 miles per hour, something unusual if
not unknown in the Willamette Valley.

The wind loads are concentrated at the pannel
points by taking one half the wind load on sach side
of every pannel point. There there are two chords
having different slopes meeting at a pannel point the
resultant of the loads on .each side is taken. As all
of ‘the chords have different slopes the vertical pro-
jection of the entire half roof is not taken and. the
loads divided propertionally, but the vertical projec-
tion for ecah chorxrd is taken,

The load line £a, a b, DG ———rou—v ~Jg' i Tirst

laid off with each load paralied to the corresponding
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Toad on the truss, to a scales of 4 kips per inch.

Next an equilibrum polvgon is drawn ( shown by the

dotted diagram under the truss). Through the poile

0 in tHe force polygon a line is drawn paralled-te

the ‘closing: sids of tHs squilibrum polygon and from

€ a psrpendicular is dropped meeting this line. Ths
gives the reaction r'&' at the fixed end of the trussg
the reaction at the free end being vertical.

Then beginning atrthe left hand end of the truss
the forces are laid off in the same manner as in the
dead load, diagram. First ak is laid off from a,
paralled to the member AK in the truse and meets the
line r k drawn from r parallel to RK. Next from the
point k just found kl is drawn parallel to KL meeting
a line from b parallel to BL at the point b. Then
from b a perpendicular is dropped to the point m
wheres it intersects m r, parallel to ¥ R in the truss
representing the member L M. This process is continu-
ed on through the truss taking each member in regular
order. \

measuri N9

The stresses in cach member may beé obtained by,
its length and multiplying by 4 kips. It will Dpe
noticed that the stresses in the members on the fix-
ed side are very small as compared to those of the free
side, when the wind is acting on the free sides

PLATE 1V.
Plates 4 is the wind diagram for the :wind blowing

on the fixsd side of the trussé. - The wind is taken
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the same as on the frse. side, that is 40 pounds por
square foot of verfical projection. The -loads are
also distributed in the same way.

The load line %' a', a'b', bic!i-eceer-aor ¥ Badw

deternined by the forge and equilibrum pelygens. . It
is known that the rsaction at the free end will be
perpendicular but at the fixed end it will no% be.,
herefore fror the % end of the load line a perpendi-
cular is erscted representing the direction of the re-
action at that end of the truss. Then if from the
point where @ line drawn from the pole .o of the fore
polygon parallel to the closing side of ths equilibrum
polygon cuts this perpendicular, a line is drawn to

&' e

t represents the reaction for

[

s

d of the load linse,

fixed and of the truss.
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The diagram is then drawn in the usual manner,

forces:.acting
joints alternately on the urpsr and lower chords. The
gscale used is 4 kipe to the inch. Tt will 'be noticed

se side diagram that the siress-

a8 in the wind on the

es in the members on the opposite sids to which the

on ate very much smaller than on the




PLATE V.

Plate 5 shows the upper.and lower lateral bracing
and ‘the diagram working out the stresses in the lower
lateral bracing system for a wind of 80 miles per hour,

The lateral ‘system of bracing conéists of brac-

ing which unites the corresponding chords of the truss-

es and together with:the chords form horizontal tIUbS—

The wind is to be regarded as blowing horizontals

ly at right angles to :the line of ‘the truss and exert-

ing a pressurs of 40 pounds per square foot of surface.

The wind pressure against the members af ﬁho trusses
is transferred by them to the upper and lower pannel
points or the upper and lower bracing systenms.

The lower lateral bracing is mads up of tie rods
with counters. They are fastened every 13 feet 4 in.
or at every other rannel point on the lower chord and
also at the first two points at each ond of the truss.

The upper bracing is made up of the -purlins with
sag rods. The purling are © inch steel channsls
spaced 6 feet 8 inches apart or at every pannel point
on the Upper chord e&xce ptlnv tne first one from each
end of the truss. The .sag rods are steel =ods 7/8 in

in diameter running at right angles to the purline and

In constructing the stress diagram for the lower




lat®ral bracing a scale of 4 kips to the inch is used,

The wind can only blew in on® direction at.a time,
thersfore the stressss are figured as loads ooncéentrat
ed at the pannel points on one side of "the bracing sysi-
em, without any leads on the other sids. First the

load line aa' is laid off to scale with the loads a'd',

ble', c'd! —wmemem ba acting downwaxrd and ths reaction
ar and ra' acting upward. Then the remainder of the
stress diagram is constructed in iths same manner as in
the dead load diagram. The table on-Plate 5 gives

resultes obtained.

ct
(3
¢ ]

Tt will be noticed that the etressess in the uppex
and lower chords are almost the same, only, the side
on which the wind is blowing is in compression and the
opposite side is in tension. Half of ‘the. verticals
are-in-tension and half 4n compression and likcwisc
with the diagonals. When the wind changes to the op=-

posite side, all members changé the nature of their

»

stresses, that is, those in tension change to compres-

sion, and those in compression change to tension.
PLATE V1.

Plate 6 is a tabulation of all the stresses found
by the stress diagrams on plates 2, 3 and 4. This
table besides giving the dead loads, snow loads, and
both wind loads, also gives the maximum and minimum
stresses for all members.

In order to design a member for the range of

105




" same kind as the dead load when the rafters are straight

stress, it i1s necessary to know:both the maximum and
minimum stress to which it is subjected by the com-
bined loads.  As ths dsad load always acts,its effect
must be included in finding both the maximum and minimum

stresses. Snow load always produces stresses of the

and hence is used only in obtaining the maximun, As
the wind cannot blow on more than ons sids of the ioof
at the same time, only.one of the wind stresses is 1o
be combined with the dead, or with the dead and snow
load stresses. If in any member a stress produced by
the wind is'of a different kind from that due to dead
load, the minimum stress equals the algsebraiae sum of
the two, but when, ally the stresses in any member are
sither tensile or compressive, the minimum equals the
dead load stress and the mazinmum equals the sum of the
dead, snow, énd larger wind load stresses.
For an example of the maximum stress, take the

member:AK, the dead lgad is 76,90 kips, the snew load
is ~265.63 kips, the wind on the free side -28.58 kips,

and the wind on the fixed side -8.40 kips. Now the

wind can only blow from one direction at a time, there-

fore for the maximum the greatest wind load is taken,

which is when the wind is on the free side. ' Hence

the maximum stress for the member AK is (-=76.90 kips)

& (- 25.63 kips)+ ( - 28, 68 kips) = -131.00 kips.
Again, take the diagonal member OP, the dead and

sviow loads enter into the maximum, But of the wingd:

~-11- g




Jdoads the load on the free side produces conpression

S

and the wind on the fixed producss teneion. As Dboth
the other stresses are ténsion the wind load producing
tendion must be used in computing the maximum for this
member. Therefore the maximum for OP ist 3.50 kips +
1.10 kips + 2.48 kips =¥ 0£.88 kips.

For an example of ths mimimum take the member R'K!
the dead load is + 51.80 kips, the snow load is ¥ 17.87
kips, the wind load on the free side is'w 18.16 kips
and the wind load on the fixed #ide is + 35.88 kips.
The ;aad load will always be ‘acting under all conditions
but the snow and wind loads will not be. ¥hen ‘the
wind blows on the frese side it produces a stress opposite
in sign tosthat ' of the dead load and when on the fized
side one of the same sign. Therefore for the minimum
stress in R'K! the dead load and the wind load on the
free side is taken, which gives (+561.80 kips)t(-12.16
kips) =+ 39.64 kips.

By referring to this table it is possible to find
the maximum for any member and compute‘fho deminsions
of the steel beam reguirsd for that member,

PLATE Vil.

Plate 7 shows the expansion bearings for the
truss. Roof trusses of short span and particularly
wooden trusses, have gensrally both ends firmly fixed
in the supporting walks or columns. But iron or steel
trusses, and usually all truéses of ‘long span hawve only

one end fixed, while the other is left fres to move or

S 2




<is merely supported,’ so that it may nove horizontélly
in the direction of the plane of :the truss. This
construction is adopted in order that the truss may
expand and contract under changes of temperature and
thue stresses due to this cause be eliminated.

The coeficient of liniar eéxpansion for steel is
+0000074. Then a steel truss of the length of this
one with a differencs of temperature of 100° Fahrenhsit
which is the greatest range of temperature known in
this country, will not expand nearly one inch.

There are many different devices used to provids
fbf the expansion. Theifrse*chd may rest upon a
smooth iron plate upon which it slidss, 'but this arrang
sment requires too much friction to be overcome in the
case of a heavy roof like this one, and sspecially so
in this country whers the platc is likesly to become
rusty. A rocker may be used but it also has its dis-
advantages. The kind nost generally used and probably
the most satisfactory is some form of the roller bearing.

This is the kind we have adopted.

This expansion bearing is made up of eight steel
rollers l% inches in diameter resting between two cast
iron bed plates. The rollers are kept at the proper
clearence by two side bars which are fastened to the
rollers by tap bolts in the ends of ithe rollers. The
rollers ars of hard steel and poellished. The rollers
rest upon a cast iron bed plate made perfectly smooth.

_This bed plate fits over the top of the latticed col-

umn supporting the trmss, and is riveted to the top of

-153-




tNis column, by sight ==& § inch steel rivets. Unde r
the end of the truss and resting on the rollers 'is
another cast plate similar to thHe one underneath. This
is riveted to the pin plate that forms the. Joint with
the upper and lower chords with &% inch rivets. The
rollers are kept in place by flanges cast along the

édges of the bed plates. These also partially prevent

. the collection of dust on the roller bearings.

The joint connecting the upper and lower chords
with the expansion bearing is a pin plate joint with a
pin. The pin is a three inch steel pin and the plates
are 1 inch steel plates securely riveted to the upper
and lower chords and the upper bad piate.

At the fixed end a cast iron base is used on top
of the column whose height equals Lthat of the rollers
and bed combined so as to make the height of the col—‘
unn. the sare at both ends. This ‘base is riveted to
the top of the column in the same manner as at the free
end.

This plate also shows a cross section of the upper
and lower chords~of’the truss. The uppeér chord is
made up of two L bars 6 x 4 x 7/8 inches with their
short legs riveted together. The lower chord is made
up the sarme way with . the L bars having dcminsions of
5 x 3 x 13/16 inches.

PLATE V111,

Plate & is a drawing showing the latticed column

Enat supports the ends of the truss. This column

is 10 feet in height and 14 inches square. It is

ina

e By 2l &




-

nade up of 4 L bars 2%‘in. o 2% in., x % in. and the
lattice bars are 1% in. by & in. The lattice bars

are put on at right angles to each other with their
ends overlapping. The ends are fastened to the L bars
by 3/8 in, rivets, with one rivet at each end, The
column rests on a concrste base 20 in. x 24 in. sunk
into the ground five feet. Into this concrete base
are set 8 steel bars 2% in x % in. x 3 £ft. projecting
1 £ft. above the surface of thes concrete. To these
gteel bars the column is Tiveted by 7, § in. rivets for
each bar, This column is designed to meet the maximum
load on the truss. The scale used in this plate is

10 to 1.

The advantage of this column is that it has gredat-
er strength for the amount of material in it than a
go0lid ‘steel colurm woudd. have. It is lighter than'a
so0lid column. And being set on a concrste foundation
there will be no settling of the roof, which would tem
to pﬁt a much greater stress upon thc‘truss and thus
wééken 1 5 i

' CPLATE 1X.

Plate 9 shows a pin joint with pin plates. The
pin system of conneotions is the one which has been
most used and which is most favorable regarded by en-
gineers in this country. At each pannel point a pin
or round bar passes through holes in the chords or web
members and serves to transfer the longitudenal stress-

“es from one member to another by means of the shearing

and bending stresses generated br it. One advantage

ek S Ha




-0f ‘the pin joint it thal less material is needed 'in it

than in the riveted system. It is also cheaper and
better workmanship is usually secured in it.

In a pin. joint there is danger 0f crushing the
matefial which presses againéﬁ the pin., In order to
| prevent this a strip of mgt:l called a pin plate or
: reinforcing plate is rivétcd to the member giving a

sufficient bearing surface for ths pin.
The pin is a three inch ste€l pin and designed 1o

resist bending and shearing stresses from the members

through which it passes. The pin plates vary in thick-

ness for various members, also vary in width with the

width of the' L bars.

Size of member. Size of pin plate Diam. of rivet.
25s 28 x 3" x 4% 4" x b 4
2 Ls 25 x 23 x 3/ev afr x 3/8" g
1L 2" x 2" x4 2" x g g
2 Ls 4" x 6" x 7/8" 11" x 7/8" 1"

‘ 2 Ls 3 " x 5" x 13/16" 9" x §"

! Length of rivet ¢ Pitch.
1g" 1.7/8"
14" 17/8"
7/8" 1L
2 7/8" 23"

2'& " : 24"
# The pitch is the distance from center to center

of rivets in horizontal rows.

’ ‘ Rivets are spaced not less than 1 5/8 times their

}_ ANE ¢ i
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