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Definition of Secondary Stress:

Consider any member in a structure. This member,
when loaded, carries a certain total stress, which, if
divided by the cross-sectional area of the member, will give
an average unit stress commonly called the primary stress.
This assumes a uniform distribution of stress which rarely,
if ever, exists. If it were possible to determine the actual
stress existing in any particular fibre, by measuring the
strain in that fibre, it would, in general, differ from the
rrimary Stress. Secondary Stress, as considered in this paper,
is defined as the difference between the Primary Stress in

any fibre and the stress actually existing in that fibre.

General Remarks:

Only in comparatively recent years have structual
engineers recognized, to any great extent, the importance of
Secondary Stresses. In analysing the stresses in the various
members of a structure, certain assumptions are made which
reduce the determination of stresses to a comparatively simple
problem. The stresses found in this way are only an approxi-
mation to those actually existing and, in some cases, not a
very close approximation.

Since the latter part of the nineteenth century, con-
siderable work has been done by engineers in striving for a
more accurate and a more thorough method for the determination
of the stresses actually existing in a structure. The engi-
neering profession owes much to the early German investigators

for their valuable contributions. In 1877 the Technical



University of Munich offered a prize for the best solution
of the problem - "#hat Stresses arise in the members of a

bridge truss owingvto the fact that the'éngles of the tri-

- angles of the truss suffer no change?" The prize was awarded

in 1879 to H. Manderla, an assistant‘in the Technical Univer-

| 8ity of MNunich, who submitted a very excellent solution. The

method of Secondary Stress determination most commonly used
at the present time is, with a few slight modifications, the
method as developed by Manderla in this solution.

In September, 1922, Cecil Vivian Von Abo presented
to the Committee on Graduate Studies of McGill University:
a thesis "Secondary Stresses in Bridges", for the degree of
Doctor of Philosophy. This paper was presented to the American
Bociety of Civil Engineers at the meeting of November 5th,
1924, and was reprinted from the Transactions of the A.S.C.E.
Vol. 89, p.l (1926). It presents all the known methods of
Secondary Stress determination, demonstrating them with the
solution of a problem by all the methodss This paper, as
reprinted from the Transactions, includes a discussion by
many of the leading Bridge Engineers of this continent and
is, in the opinion of the writer, the best treatment of the
subject available in the English:language.

As well as the purely theoretical treatments of the
problem, there has been considerable work done which was of
a practical nature. Manderla's experiments on the Waltenhofen
Bridge were among, if not, the first. Engineers appreciated

the importance of the problem and since the time when Manderla



conducted his early experiments there has been much
valuable information obtained from experiments in Europe
and America.

Of special significance to this particular investi-
gation is the work of Alexander Campbell, M.Sc., which was
carried on at McGill University 1925-26. Campbell submitted
to the Commlttee on Graduate Studies of McGill University,

a Thesis "Secbndary Stresses in a Roof Truss having
Unsymmetrical Members". The author,in his investigation,
obtained much valuablé information and arrived at some im-

portant conclusions.

Object of the Investigation:

The object of this investigation was'to obtain further
information concerning the stress distribution in a certain
roof truss, to study the effect of varying the conditions of
support, and to study the effect of certain minor changes in
detail which, it was hoped, would give a more desirablé dis-
tribution of stress in the members. The truss to be used
!%s.phgngame as had _been used by Campbell in 1925-26.

Campbell concluded from his test results that the
forces in members meeting at a jJjoint acted along the centres
of gravity of the members rather than along the rivet lines,
as was generally considered. It was the intention of the
writer to verify this conclusion by further extensometer
measnrements.

In order to get some test results where the condi-

tions of test more nearly approximated the conditions actually



met with in practice,it was proposed that tests be carried

on with the truss carried Ly flat supports,‘%ﬁod blocks

and concrete blocks were to be used. These flat supports would
give a more or less fixed condition of support, rather than
having the joint free to rotate}as it is when supported at

a point. The fixity would not be absolute due to the elas-
ticity of the supports; any slicht rotation of the joint was

to be measured by sensitive levels.

"lnen a double angle member is rivetyed to a gusset
plate between the angles, the two an~les are eccentrically
loaded. They are not absolutely fixed in a plane normal to
the plane of the gusset plate, and consequently there is oend-
ing in this plane which causes an uneven distribution of
.;tress over the cross-section of the member. It was hoped
that by introducing one additional stitch rivet near the edge
of the gusset plate, the fixity of tine angles would be increased,
consequently, the bfnding would be reduced and a more desirable
distribution of stress woula result. It was proposad that
tests be carried on with, and without, the additional rivet
to determine its effectiveness in reducing the secondary
Stresses in the member.

Some welded connections were used and it was hoped

+11at some information would be obtained concerning the rela-

tive values of rivetyed and welded joints.,



THEORY QF SECQWDARY STRESSES

The methods of analysis used in determining tie
so-called "primary stresses" are based on several assumptions,
viz:-

1. That the members are connected at the joints by
frictionless pins; thus no resistance is offered to a change
of angle between any two members meeting at a joint.

2 That the gravity azes of all members meeting at a
joint meet at one point - the centre of the pin.

Se That loads are applied to the structure only at
the joints.

4, That all members are straight.

The primary stress in any member will, determined in
this way, be pure tension or comprescion. There will be a
uniform distribution of stress over the entire cross-section
of the member,

In practice these ideal conditions are not realized.

when the members at a joint are connected by gusset plates,

as they quite often are, these members are not free to rotate

about the joint but are held rigidly by the gusset plates

and the angles between them remsin constant, Even where

provided, pin-joints are not frictionless, as assumed, but

offer resistance to any chanse of angle between the members.

To facilitate fabrication it is often desirable not to have

the gravity axes,of all the members meeting at a joint, meet-

ing at one point. Members, other than vertical ones, must

always act as beams Iin supporting thelr own weight and, quite



often, loads are applied to members between the joints. Nem-
bers are seldom, if ever, perfectly straight. Owing to the
actual conditions differing from the assumed conditions, there
will be additional stresses induced in the members. These
additional stresses are known as “Secondary Stresses".
rrofessor Turneaure states that, "It is generally
possible and sufficient to so design a structure as to keep
tliese stresses within low limits, and then to neglect them in
the calculations, but in many special cases, and in large and
important structures, they will require calculation".

The chief causes of secondary stresses are,- rigidity
of joints, eccentric joint details, and beam action of the
memmbers in carrying their own weight or loads applied between
joints. The stresses caused by the beam action of the members
can be readily determined from the recognized formulae for
monents and shears in beams with fixed ends, whereas the prob-
lem of calculating the stresses caused vy rigidity of joints

and eccentric joint details is more troublesome,

Method of Determinine Secondary Stresses:

There have been several methods developed for tae
determination of secondary stresses. A paper "Secondary
Stresses in Bridges'" by cCecil Vivian Von Abo, with discussion
by many of the leadines engineers on this continent, was reprinted
from the transactions of the american Soclety of Civil Engi-
neers, Vol. 89, p.l (1926). '":ls paper. presents, in excellent

form, all the known methods of secondary stress determination.
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Judging from the discussion the Manderla-i/inkler method and
Mohr'!s method are the most commonly used. The former is =
purely analytical solution, while the latter is semi-graphical.
The method of Secondary Stress calculation, which
will be presented here is that of kanderla with modifications
oy Winkler. wlth a few departures, this is the solution as
given in Volume II of "Modern Framed Structures" by Johnson,

Bryan and Turneaure.

Secondary Stresses Due to Rigidity of Joints:

when the members of a truss are subjected to axial
stresses there will be deformations produced in these mem-
bers. If the members were free to turn at the joints these
defQ?mations would, in general, cause chances in the angles
betﬁeen the members at tane joints. Conslider the truss ag
in Fig. I, rlate 6, suppose the nature of the sctresses to be
as indicated by the si~ns. The full lines show the position
of the unloaded truss: after loading,the truss will deflect
to the position as shown by the dotted lines. The deformations
are, of course, shown greatly exaggeraced. 1In the triangle
abc, the member a ¢ will be shortened and the members a b
and b ¢ will be lengthened. This will cause a decrease in
tne angle at b and an increase or decrease in the anzles at
a and ¢, depending upon the relative changes in length of
a b and b ¢c. If the changes in lengths of these members are
known, it is possible to calculate what the changes in the
several angles will be. Similarly for the other angles, it

is evident that i1f the changes 1n lengths of all the members



are known, the changes in all the ansles can be determined.
Consider the conditions when the members are rigidly
connected at the joints by means of gusset plates and the
angles between them remain constant. TheAlengths of the mem-
bers will be changed as before, by the axial stresses, and
their ends (the vertices of the triangles) will move as before.
This movement will now force the members to bend, as repre-
sented diagramatically in Fig. 2, rlate 6, producing bending
moments in the members. Thnese moments will be a maximum
near the joints.
In Fig. 2, let ny B and C represent the original

1, Bl, and Cl, the posi-

positions of the three joints, and &
tions after the members are stressed. Let A, B, and C
represent the original angles Q a, AB, and AC represent the
changes that would take place in these angles if the members
were free to turn at the jolnts. The angles between the dotted

1) B! ana ¢!, will then beequal to

straight lines joining A&
a * An, B+ AB, and C + AC, respectively., In proceeding
with a solution of the probl=m, the chanpes of angle _A a,

AB and AC are first found from the known changes in lengths
of the sides of the triangle due to the axial stresses. From
these changes in angle the bending moments in the members are
then calculated. The process requires the simultaneous con-
sideration of all the members and ansles of the truss. It
is,therefore, somewhat tedious, although simple in applica-

tion if careful attention is paid to signs and the work is

well systematized.



Calculation of the A Angcles.

Calculation of the changes in angle in any triangular
element of a truss in terms of the changes in the lengths of
the members;:

Let aBC shown in Fig.3, :ilate 6, be the original
form of any triangular element of a truss, and let al Bl cl,
Fig. 4, represent the form of the same truss after the changes
in lengths of the members. Designate the members as a, b,

and ¢ and the angles as a, B, and C as shown and let -

875 85 and 8z = stress intensity in each member

a, b and ¢ length of each member

E = modulus of elasticity.

after deformation the lengths of the members with

bc, a + Na, b + Ab, and ¢ + Ac, respectively, where i,
Ab, and Ac¢ are the changes in lengths of the members. The
change in length of any member is readily deter.iined from

the stress intensity, length, and modulus of elasticity.

Aa = 51 8

E
The changes in ansle A s, AB and AC, can be deter-
mined from their geometric relations to the original angles,
the orisinal length of the members, and the changes in
lengths of the members.,
Consider the triangle of ABC:

a =8in a: a=Db sin a sinB = b sin a
b sin B sinB a




Consider the triangle Al Bl ¢l.

a +Aa _-sin( a+ADL) s sin a cos D a + 08 o sinAa
b +AD sin ( B +A B) sin B cos AB + cos B sin 2B

For angles a3 small as Aa and AB, there is no appreciable
error in considering the sine of the angle equal to the angle

and the cosine of the angle equal to unity, hence

a +Aa = 8in a4 + AA COS n
b +A Db sin B + AB cos B

Cross-multiplying and omitting terms containing the product
of two of An, AB, Aa, Ab, since these are so small in
comparison with the other ocuantities:-
asin B + a AB cos B +Aa sin B = b sin A + b Ax cOos =a

+ D 8IN A i it it it it ()

Substitute a = b sin »n and sin B = b sin a in (a)

m

sin B a
bABcotBsinn+Aaabsinn=bAAcosn+Ab Siv a
Divide by b sin a:

ABcotB+Aaa = AA cot A + bb

A a cotu=-é£- {g‘b + ABcCot B «.iiiiinnnnnn. .(1)
Similarly:

AC cot C = Acc B —Ab——b + ABcot B ........ ceeeo(2)

DAa+ 2B+ AC=0 : AB = "(AA*‘AC)

a Ab
Substitute| Aa cot a = & - 5 “Ancot B-AGC cot B

AB=—(aR#AC A b
i1y angz) [P C cot C = 52 &2 - AL cot B - AC cot B

A alcot 4 + cot B) + 2AC cot B -éaﬁ = £b?, .............(1)1

c b
D C(cot C + cot B) + Aa cotB=%-~—A7)— ..... ........(2)l
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E «liminating AC.
(1)F x(cot C + cot B)

Dalcot a4 + cot B) (cot C + cot B) + DC cot B (cot C + cot B)
- E L2 _ LDP) (cot C + cot B)
a b )

(2)l X cot B

ADb
Dacot B + AC cot B (cot C + cot B) =(ZZC " 3 )cot B.

Subtracting:

Da| cot A cot C + cot B cot C + cot & cot_§7 =

Da _ &b A8 Ac
= COt C(_a— b )"‘COtB a -_c-—)oooaoooc (3)

Since when (a + B + C) = 180° the expression cot a cot C +
cot B cot C + cot A cot B equ=ls unity, equation (3) reduces
to:

Az _ Ab a _ Aac
A = cot C( a b ) + cot B (é%_ - —Ef)

s] a

Da =

’ ADa = 8
a &E
E AAB COt C(Sl - 82) + COt B (81 - 82) 00-0000.(4)

Similarly:

E AB = cot C( s, - sl) + cot A (s2 - 85).......(5)

2

E £C= cot n(s3 - s5) + cot B (s3 = 8. ) ceceecee(B)

1

Derlection angle (T) at an end of a Member:

The deflection angle at the end of a member is the
angle between the position of the member and the position
it would occupy if not restrained at the end, but free to
turn. It 1s necessary to have a convention as to the sign

of the moments in the members. Consider the (T) angles
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shown in Fig. 5, ilate 6, as positive and the moments caused
by them as positive.

When the members at a joint are rigidly connected,
the angles between them must remain unchanged and it is possible
to express the (T) angle of any member in terms of the (T)
angle of any selected member and the (D) angles at the joint.
Consider the (T) angle of the member first encountered in
proceeding around the joint in a clockwise direction, start-
Ing on the outside of the truss, as the (T) angle of the
joint. It is then possible to express the T angle of any
member at the point in terms of the T angle of the joint,
and the /\ angles at the joint. Fig. 6 shows the relation

between these angles:
“m

Tnm = Tny + ZE;-

Moment in a Member in terms of the Deflection angles:

Consider any member subject to direct stress and to

bending at the ends, as shown in Fig. 7.
M + M

Vl = V2=-' _.'L?__2

M(x) =M - Vix + Ty
The term Ty may be omitted since the deflection y is small.
Exact solutions, 1ncludinglthe Ty term, have been derived,

but are not generally used.

M, = -pl ¥ - n - vox
(x) ax? 1 1
2
d V] X
-El ax Mlx - 5 + C1
-El \'g
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T = i 2].».[ -M] e e o o o o [ ] ® o o o L 1 l
12 T FE J2u; - i (1)
Similarly Y,

T21= G——ﬁ [2M2-M1’] © 6060 000 006060 00000600000 (2)

(1) x 2:=-2.2T75 = 6£1 [4Ml - ZMZJ

adding — - .7 _ Z
12 21 6.E1

. 2E1
My = 2T12+T21j R £

Equation (3) expresses the moment in a memnber at a joint in

(31 )

terms of the T angles of the member. st any joint the

'3

summation of moments must equa%«zero if the gravity axes of all
the members meet at one point, or must equal the swuuntion of
the axial stresses times their eccentricities if there are
eccentric connections. an equation can be foried for each
joint, having as the unknown quantities the T angles of the
members meeting at the joint. Since all the T angles of

the members can be expressed in terms of the T angles of the

joints and the A\ angles of the truss(the /> angles may be

computed fromw equations (4), (5) and (6) ), the number of
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unknowns will be equal to the number of joints of the truss.
That is, the number of unknowns will be equal to the number
of equations, and the problem may be solved. The solution
involves the simultaneous solution of as many equations as

there are joints of the truss.

Formulation of Equations:

It is first necessary to compute and tabulate the
angles for the entire truss. With the aid of this table
the T angles of all the members are expressed in terms of
the T angles of lie joiavs.

Equation at any joint (n)

Moment applied to the joint by any member:

M = _Z%IETM+TMJ

Total moment applied to joint by members:

M (members) = é;i %%% Ir 2T, * Tmé]

The total moment applied by the members must equal minus
the externally applied moment. For a joint without eccen-
tric connections, this external moment will equal zero. For
a joint having eccentric connections its value can be deter-
mined from the forces and their eccentricities.

I

For convenience the quantity = 1s represented b
7 Yy

K and the equation for any joint takes the form:-
m
2 2KE [ 2Tpy + Tmﬂg ~M
(o
After the equations have been solved giving the T angles

for the joints, the T angles for all members are determined
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—~n
from the equation Ty, = Tnl +§§;Z>Ok . Having the values
of T for all members the moment at either end of any member
can be computed by means of the equation -

Mpm = 2EK [;ZTnm + Tmé]
From the Moment in the nember the fibre stress is determined

by means of thc equation f = My where:-
I

f = fibre stress in 1bs/in.%
M = Moment at section in inch-lbs.

y = Distance in inches from neutral axis to fibre
considered.

I= Moment of inertia of section in in.4

Having determined the Secondary Stress at any point the
combined or total stress is determined by adding algebraically

the primary and secondary stresses.
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APPARATUS USED

The Truss

The roof truss used in this 1nvestigation is shown
in detail in rlate 5. This truss was donated to McGill Uni-
versity, for experimental purposes, by the Dominion Bridge -
Company of Lachine, and was used by Campbell in his wofk
'dufiné 1925 and 1926. 4 few slight changes, however, were
made for this lnvestigation.

When the cast iron rockers, which were used in
supporting the truss, were placed under the intersections of
the gravity axes, 1t was found that they protuded somewhaf
beyond the sole plates. Therefore, in order that the truss
might be suppofted at these points it was necessary to ex-
bend the sole plates. Two plates were obtained and welded
to the original sole plates, as shown in rlate 3, extending
4% inches beyond thelir ends.

The top gusset plate failed in one of the earlier
tests and was replaced by a slightly heavier plate. It was
felt that some information could be obtained as to the effect
of welded connections on secondary stresses, and consequently,
the top chords and the vertical member were connected to the
new gusset plate by welding rather than by rivetging. rlate
2 khowa clearly these welded connections.

at the upper end of the top chords, five rivet holes
were punched, whereas only four were requlred. The extra
hole was beyond the gusset plate and was used in determining
the effect on stress distribution of a stitch rivet close to

the gusset plate.
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The Extensometers

The extensometers used were of the reflecting mirror -
type, a modification of the Martens extensometer. These were
designed and constructed at McGill University. rlate 3 shows
an extensometer assembled and clamped in position on the test
specimen, while rlate 4 shows the telescopes and scales which
are used in connection with the extensometers. The telescope
and scale are so placed, relative to the mirror, that an
image of the scale appears in the telescope. The cross-hair
in the telescope is read on the scale; any change in length
of the test specimen causes a rotatibn of the mirror and a
corresponding change in the reading on the scale. This change
in reading is a measure of the strain in the test specimen.
By varying the distance from the scale to the back of the
mirror, the change in reading caused by a certain strain in
the specimen will vary.

In this work the distance was chosen such that a
strain of .001 inch caused a change in reading of % inch.
This % inch on the scale is divided into ten divisions and
in reading the cross-hair tenths of these smaller.diviaions
can be easily estimated. The strain is thus measured to
«00001 inch. With a 4 inch distance piece, which was the
length used in these tests, the unit strain is thus measured
to .0000025. Considering the modulus of elasticity of
steel = 30,000,000 a unit strain of .,0000025 represents a
stress of 75 lbs./inz. That is, with these instruments,
provided that certain precautions are taken in their use

the stress in a specimen is measured to within 75 1bs./in.2,
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To ensure this accuracy it is necessary that certain pre-
cautions be taken in the use of the instrumeﬁts{
any change in position of the telescope and scale
between readings would cause a change in reading on the
séale.which'would be incorrectly considered as affected by
a rotation of‘the mirror. For this reason the telescopes
and scales should be mounted on solid stands quite separate
from the machine and test specimen, and should not be moved
while a test is being made. They would then remain fixed 1in
ﬁosition and thus one possibility of error would be eliminated.
| when the telescope and scale are correctly placed |
with respect to the extensometer, the following conditions
exist:
The line of sight of the telescope is normal to the
plane of the mirror.
| The plane of the scale is parallel to the plane of
the mirror.
An image of the scale appears in the telescope.
The distance from the scale to the back of the mirror
is equal to the calibration distance of the extensometer.

- In this work, as in most of the work which has been
done with these extensometers, the calibration distance was
chosen so that a change in length of the test specimen of
.001 inch caused a change in reading on the scale of 3.
This calibration was obtained by setting up an extensometer
in the Whitworth measuring machine and changing the length
of the test specimen by .001". The distance from the back
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éf the mirror to the scale was then varied tiil ths 001"
’Strain caused the desired 3" change in reading on the scale.
Since the dimensions of these eXtensbmeters are ﬁot
exactly the same, thelr calibration distances will aléo differ
somewhat and it is necessary to calibrate every extensometer.
Care should be taken in clamping the extensometer on
to the test specimen. The surface should be even to ensure
a good bearing of the diamond-piece. The diamond-plece éhould
be clamped firmly in position with its long axis normal to
the dlistance-piece.
The V-grooves which are cut in the a1 stance pleces
must be wide enough to allow the knife-edge of the diamond-piece
to bear on the bottom of the groove rather than on the should-
ers. When these grooves are narrow and the diamond-piece
does bear on the shoulders, its effective depth is reduced
and correct results are not obtained.
ANy rotation of the test specimen as a whole, such
as occurs in members of a built-up structure, will cause |
an error in the strain measurement. To eliminate this error
the extensometer must also be placed in the reversed position
on the specimen and the average of the two differences in
readings taken as a true measure of the strain. In this way
the error, due to the rotation of the specimen, appeafa twice

and with opposite algebraic signs, and hence is eliminated.

4
’



The Loading Machine
The Emery testing machine in the McGill University

Testing Laboratory was used for loading the truss. This
machine is very sultable for work of this nature as the
. load is applied by hydraulic pressure and the vibration re-

duced to a minimum.

-

Measurement of Stresses

The location and magnitude of all observed stresses
are shown in rlate 8.

All tests were conducted with the truss set up in
the Emery testing machine, as illustrated in rlate 1. The
method of support at the heel of the truss was not, however,
the same for all tests.

4 complete extensometer survey was made of the stress
distribution in the members with bhe truss supporteg by
cast-iron rockers placed under the intersections of the grav-
ity axes of the top and bottom chords, With this type of
support the joints at the heel of the truss were not re-~
str#ined in any way, but were free to rotate. By considering
the forces in the members as aéting ﬁ}ong the gravity axes
it 18 seen that there was no eccentricity of forces at the
heel of the truss.

Further stress determinations were made with the
truss supported by these same rockerg placed with spans of
15! and 16'. Using these methoda of support, there was no

restraint at the joint but there was an eccentricity of

reaction. These same determinations had been made previously.



by Campbell, but were repeated as»a check to see whether
or not the action of the truss was the same after‘the
slight changes had been made in it. The stresses were
found to agree quite well with those determined by Campbell
under similar conditions.
Other types of supports used were flat supports;

wood and concrete blocks. For the wood supports, 3" x 8"
x 1'-6", white pine blocks were used. For the concrete
supports 3" x 8" x 11'-6", concrete blocks were placed on
the supporting beam and covered with a cement grout in
which the sole plates were allowed to set. With these flat
supports there was an eecentricity of reaction and also a
fixed condition of the joint at the heel of the truss. The
restraint was not absolute but the joint underwent a slight
rotation due to the deformation of the material in the
support. This rotation was measured with levels. These
were quite sensitive and a measure of the rotation was ob-
tained which was accurate to within 10" of arc.

| For the purpose of measuring the deflection of the
truss, smsall hbles were drilled in rivets in the bottom
chord directly over the supports. Nails were driven into
these holes and a very fine wire stretched over them. =«
scale was clamped at the centre of the bottom chord, just
behind the wire, and the deflection determined by reading
the wire on this scale. a fine scale was used and the
peadings were taken with a telescope giving the deflection

to ten-thousandths of an inch.

=4
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'fests were made at locations 12 and 13 to determine the
effect‘bf a\stitch rivet cloée to the gusset plate on the
Astress diétribution in the mémbers. The extra rivet holes,
which were punched in the top chord, were used for this
purpose. Fillers were driven between the angles in the
topgchords opposite these holes and turneﬁ.ﬁolts and nuts
were used to hold the angles together.

Owing to the lack of facilities for rivetfing, the
desired stitch rivets were not put in, but bolts and fillers
at locations 12 and 13, a flller and clamp at 94, and fillers
at locations 1 and 8,were substituted. It was assumed tha?
they would give conditions analagous to those obtained by
the use of stitch rivets.

In double angle compression members the angles tend
to spréad; the bolts and clamp would prevent this spread-
’1ng as would stitch rivets. In tension members the tendency
of the two angles 1s to pull together; the fiilers at loca-
tions 1 and 8 would prevent this In much the same way as‘
would the fillers used with stitch rivets.,

Conclusions were arrived_at, as to the effect of
sfitch rivets, based on the results produced by the sub-
stitutes used since their effects were considedred as anala-
gous.

The stresses were measured at location 9A with,
ana without, the top chord clamped close to the gusset

plate. These determinations were made under various
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conditions of support:
l. with C.I.rockers at the intersection of the gravity lines.
2. With C.I.rockers with a 15' span.

. 3¢ With wood block supports. |

The purpose of these tests was to determine the effect of

a stitch rivet close to the gusset plate. It was assumed

that thé effect of the filler and clamp in restraining the

member would be equivalent to that of a stitch rivet.

The clamp was attached to the top chord at 23" (the
rivet pitch. used in the gusset plate) from the last rivet
in the plate. A filler was planed to a snug driving fit
and driven betwwen the angles at this point. Washers of
the same diameter as the head of a rivet were stuck to the
outside of the vertical legs of the angles and the clamp
was tightened on these washers.

At locations 1 and 8 in the bottom chord tests were
made for the purpose, as in the tests at locations 9a, 12 -
and 13, of determining the effect of a stitch rivet near
the gusset plate.

At these locations, since the tendency of the angles
in a tension member is to draw together, it was only
necessary to drive a filler between the vertical legs of
the angles. No clamp was used. These fillers were placed
43" (the rivet pitch in the gusset plate) from the last

rivet in the plate.
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Arrangement of Extensometers

In measuring the stresses, four extensomeﬁérs were
used. Some tests were made with the four extensometers
at one section, but later they were arranged at two sections,
these sections being chosen at opposite ends of the truss.
with the extensoweters arranged in this way, more time was
required in taking the readings since it was necessary for
the observer to walk between the two sets of telescopes for
each reading, but much time was saved in setting up the ex-
tensometers and telescopes. It was felt that the stress
measurements could be obtained more efficiently with the
latter arrangement and consequently, in subsequent tests,
the extensometers were arranged two at a section.

with each loading of the truss the extensometers
were set up in position and before any readings were taken
the load was run up to 12000 1lbs. and then removéd rather
rapidly. The purpose of applying this preliminary load was
to eliminate slight irregularities in the action of the
instruments. Experience had shown that better and more
accurate results were obtained by so doing. Readings
were then taken at loads of 3000 lbs, 7000 lbs, 11000 lbs.
and 15000 1bs. and again at 11000 1lbs., 7000 lbs. and 3000
lbs. as the load was removed.

Hooke's law states that Stress = constant.
Strain
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If the material followed this law, as would be expected,
the strain, and hence the change in reading caused by an
increment of load of 4000 lbs., would be the same for all
increments of 4000 1lbs. whether it be from 3000 1lbs. to
7000 1bs. or from 15000 1lbs. to 11000 1bs. The 3000 lbs.
readings would also be the same before and after the load
was applied.

When several tests were made it was seen that the
material was behaving in the expected manner, the strains
were practically the same for 211 4000 1lbs. intervals.
After this was determined the intermediate readings served
no useful purpose and were omitted in subsequent tests.

To eliminate any error due to a rotation or bending
of the specimen, the extensometers were also set up in the
reversed positions. The average of the differences in
readings caused by the 12000 1lbs. increment of load (3000 1lbs.
to 15000 1bs. ) with the extensometers in each of these posi=-
tions was taken as a true measure of the strain.

By taking the mean of the averages for the increas-
ing and decreasing 12000 1lbs. increments, it was thought
that a still more accurate measure was obtained.

all the measured stresses were deduced for a load
of 15000 1bs. as follows:-

Total differences ¥ 4 = mean average change in read-

ing caused by an increment of load of 12000 lbs.
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Strain of 4" test specimen due to a load of
15000 1bs. = %g x % x Total Differences x .0O000L".
Uﬂ)ﬁt Strain = 15 y1x1 x Total Differences x .00001.

12 4 4

Stress in 1bs./in.2= 30,000,000 x T8 x § X 7 X .00001 x
| Total Differénces |

= 25.44 x Wotal Differences.
It is doubtful whether the mean of the differences in
readings causéd by the increasing}and decreasing 12000 1bs.,.
increments of loads glves a more accurate measure of the
strain than is given by the former alone. In almost every
instance the latter increment was smaller than the former.
This was quite probably due to a slight temporary set in
the test specimen, a lag in returning to its original form.
The actual strain measurement would therefore be the former
increment rather than the mean of the two. For this reason,
in most of the tests the second 3000 1lbs. reading was re-
corded as equal to the first. Using the latter difference
in readings when it did not agree with the former, would
give incorrect rather than more accurate results. Neverthe-
less, the second reading at 3000 lbs. was always taken as
a check against any slipping of the instrument, or any error
in taking the first. If this did not check within .00003"
with the first reading the test was repeated.

In computing the stresses the constant 23.44 was
used and the answer read on a slide rule to within 10 lbs.

Such precision is not warranted. The stresses for a load of
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12000 1bs. would be accurate to within 75 ibs. and as
determined for the load of 15000 1bs. would be accurate
to within %g x 75 = 100 1lbs. (approx.). The stresses re-
cdrded in the tables of results are therefore reliable only
to the nearest 100 lbs.

| The calibration distances for the extensometers
were determined by the Whitworth measuring machine before
commencing the tests. These calibration distances were
again determined after the completion of the tests and
were found to check with those previously obtained.

Mention has previously been made of the failure of
the gusset plate at the top of the truss. This failure
occurred during the first test attempted by the writer.

The truss was set up in the loading machine with
the extensometers, telescopes and scales 1in position.
Readings were taken at loads of 3000 1lbs., 7000 1lbs. and
11000 1bs. but the load of 15000 lbs. was not reached as
the top gusset plate buckled with the machine, registering
~a load of 13600 1bs. This failure was very unexpected as
the truss had been designed for a load of 20000 lbs.

Fortunately, none of the other members were destroyed
and 1t was possible to repalr the truss by removing the plate,
replacing 1t by a slightly heavier one. as previously

stated the connections to this new plate were welded. This

work was done by the Welding Engineers Ltd., of Montreal.
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after this fallure the leading machine was cali=-
brated and was found to be registering the load incorrectly.
‘The load at which failure occurred was not 13600 1lbs. as
indicated by the machine, but approximately 35000 1lbs.

Before further tests were made the machine was ad-
Jjusted till the error in registering the load was shown by
calibration to be .less than 14. asnother calibration was
made after the completion of the writer's tests which again
showed the error to be less than 1%. P
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Calculation of Secondary Stresses.

The éecondary stresses in the experimental truss,
for a load of 15000 lbs. are calculated by the Manderla-
Winkler method which is described under “Theory of Secondary
Stressesv. The stresses caused by the weights of the members
are not éonsidered since they are negligible in comparison
with those caused by the rigidity of the joints and by the
eccentric forces at ﬁhe joints.

Table I, rlate 7, gives all the required information
concerning the primary stresses in the members of the truss .
and the dimensions and make-up of these members.

Table II gives the computation of the A angles.

Table III is an arrangement of the above data which
is used in writing theequations for the T angles.

1. Truss supported by C.I. rockers under the intersection
of the Gravity axes. /

Formation of equations from Table III, rlate 7.

External moments at joints 1 and 4 = 0. Equation at joint 1

07167, +  82.8

.0214T; + 1031.4

.0144T; =0
1) .O716T; + .0l44Tp + .0214T; = - 1114.2
2) .0144T; + .0846T, + .OL35T5 + .0144T4 = + 1915.4
3) .0214T; + ,O0L35T, + .0216Tz + .0216T; = - 2411.5
4) .0144T, + .0216T3 + .0720T, =+ 652.7



SOLUTION OF EQUaTIONS

qugéion ;i_.gg_m;__gﬁ 1.7, ALsolute Term Check <ﬂ
1 7.16] 1.44 | 2.14 - 111.42 [- 100.68

2 x 13 2| 7.16|42.06| 6.7 | 7.16 | +952.05 |+1015.14
3 x’%%g ....3t | 7.16|"4.52|37.81 | 7.25 | -807.00 |- 750.28
21 = 1 ... I 40.62| 4.57 | 7.16 | +1063.47 [+1115.82
31 - 21 ,,,II -37.54|31.10 | .07 |-1759.05 |-1765.42
I xgugs. ... It 37.54| 4.22 | 6.62 [+ 982,50 |+1030.88

x é%g%....4i -37.54 $6.31-187.80 |-1702.00  |-1983.65
II + I' ...III 35.32 | 6.69 |- 776.55 | 734.54
It + 4 ... IV -52,09 -181.18 |- 719.50 |- 952,77
III x§%§%..111' 52,09 | 9.87 |-1145.50 |[-1083.54
IV + III'....V -171.31 |-1865.00 |-2036.31
Values of T ~15,590 +£7300-24000 +10800 N

Since the truss is symmetrical about the centre line, the stresses
at one end only need be calculated.

Toz = Tz2 =0
T3 = -13,800

(From symmetry)

AR = + 2,875
Ty 2= ~10,925
Toy = 27,000
sy = Tzy + 28) = 24,000
| The secondary stresses are determined from the T
'unglea and certain geometric properties of the members. In this

solution the T angles will first be found for the various conditions



of support and the secondary stresses will then all be calcu-

lated at once thus minimizing the work involved in the computa-

tions.

2. - Truss supported by C.T. rockers, 16' span.

Distance from intersection to intersection of gravity

axes = 16'- %".

Eccentricity of reaction at heel 3.375"

7500 X 3.375

External moments at jolngs i and 4

25300 in.-l1lbs,
The absolute terms in the equations for joints 1 and 4 are
modified by this external moment.

When the external moment M is in a counterclockwise
direction the term to be added to the right side of the equation
is + gg- ; or, when E has been omitted in the calculations
In this problem the term to be added to the right side

’ 253
of the equation is + _§§QQ = 12650.

+

SE

(1) .0716Ty + .0144Tg + ,0214Tz = =1114.2 + 12650
Considering the truss as symmetrical about the vertical member
Toz = Tzg =0

Ty +ADY = Tgp = 0,T3 = -24,100

T, fz¥3 = Ty = 0,T5 =  +27,000

(1) .0716T; + .0144x27000 - «0214 x 24100 = +11536
T, - +163, 00,

37



. T15 +16§,000
A= .+ 2,875

T12 = +165,900

Toy = + 27,000

T51 = + 24,100

Owing to the simplicity of the truss this abbreviated solution
for determining the T angles is possible. In the average
probleh it would, however, be necessary to solve simultaneous-

1y as many equations as there were joints of the truss.

3. Truss supported by C.I. rockers, 15' span.

Eccentricity of reaction = 9.375"
Moment at joint 1. = 9.375 x 7500 = 70300 inch-1bs.
(1) +0716T; +.0144To + .0214Tz =-1114.2 + 35,150
T, = +27,000
Ts =  =24,100
From (1) T,= +477,000

1
T)g = 477,000
AN = + 2,875
T, = +479,900 \

Toy =+ 27,000

TSl = + 24,100




33,

- ' , « 096 :
3 Ty o5 caused by 6Z= 99.2 ° .00968 radians.

Rotation of 12 at joint 1 ;5‘.005185 radians
Rotation of 13 at joint 1 =’..003665 radians
' Change of angle 213 = +,000480 radians
Ih order to express these angles in the same units as have
.been used in the previous computations, they are multiplied
by 30,000,000,
‘Tyo= +29040 + 95550 = +124,600
T13= +124,600 + 14,450 = (A= +2875) = +136,200
Toy=  +27,000
Tzy= 424,100

The following Table gives a summary of the T angles at both

ends of members 1-2 and 1-3 with the various methods of

support.

CONDITION OF SUPrORT

C.l.r0OCkers C.Il.rockers 6.1.rockers
T C.G. Lines 16! span 15! span Blocks

1-2 -10,925 +165,900 +479,900 +124,600

- s an Es G D e s TR T GD WD ED D D D D wd C6 w5 ws W e D M A D D S S E S .t T e n A TR S en . . S CE s ol . T e e . - e w
-G T D S o D S R D P D D G WS AP e D WS e wn e O D WD TS WD aD = T e @ e G G D S D D D eh WS e = S L e A Gb Gn Y P e

-— e an on S o N D D P D S D D AP D =D n D ED N e W S AP D WS = = P an 0 D A SR TP Ch D D D N S M S Y W W P G e G - = . =

o=1 +24,000 + 24,100 + 24,100 + 24,100

Having the T angles for the members the secondary stresses are

2 )
calculated by the equation ‘)Cab = j- [2Tab + Tb,]



whereij= the secondary stress in member a b at joint a.
¢ = the distance from the neutral axis of the section to the -
fibre considered.

‘jl= distance from joint a to joint b.

Secondary stresses in member 1-3 at joint 1. (concrete block

supports).

. 2
f',, fls = zc [2'1'13 + TS]]

1(?1:) -%‘l = «0148 Fb) %‘-’] = L,0378 where (t) designates the
value for the top fibre of the section and (b) the value for

the bottom fibre.
Tls = +136, 200
Tz, = + 24,100

2T15* T31 = 296,500

J?lS(t) = 4,400 (At Location 9 measured stress = +5000)

f’lS(b) = -11,200 (At Location 9 measure& sbress = -11000)
The direction of the stress, tension or compression, is deter-
mined by a consideration of the convention as to the sign of
"the moments.,

Table “S" gives the secondary stresses in the top

and bottom fibre at both ends of members 1-2 and 1-3 under

the various conditions of support. The principles of statics
show that a straight line relation.exists between the stresses
at various points along a member. With the stresses at the
ends of the members known 1t is therefore possible to deter-

mine the stresses at intermediate points by this relation.
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CONDITION OF SUrrORT

C.G.Lines 16! Span

15' Span

Concrete
Blocks

+13100

+36150

+10100

v14300

»«4000

+14500

-37000

-7775

+19850

(t) designates the stress in the top fibre of the section.

(b) designates the stress in the bottom fibre of the section.

+ = tension

= = compression

The total stress at any point is found by adding

;algebraically the primary stress and the secondary stress at

that point.
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Disgussion of Results:
e ————

In general the stresses computed by the Manderla-
Winkler method of secondary stress analysis are in agfeement
with the stresses actually existing, as determined by exten-
someter strain measurements. An exact check is practically
impossible owing to the errors in the assumptions made %p the
theoretical method and the una;oidable errors in obtaining the

extensometer measurements. The discrepancies are, however,

within the allowable range for work of this nature.

Campbell 's Results:

Campbell!s measurements, with the truss supported
by C.I. rockers at 15' span and 16' span, were siown by him
to give stresses which agreed quite well with those calcula-

ted by the above mentioned tiheorye.

Results of this Investigation:

Plate 10 mepresents a comparison of the measured‘
and calculated stresses for two conditions of support, -
CoI. rockers at the intersection of~the gravity axes (16!'-
Gi"span), and concrete block supports (15'-7" c. to Co)o
There is seen to be a straight line relation between the
stresses at various points along a member; this }s in agree-
ment with the theory regarding the stress relations and indi-
cates a consistency in the extensometer measurements. The

total stress in a member at any section may be determined
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.definitely from the conditions of loading and the relations
‘whieh, according to the principles of statics, must exist.
at every section where extensometer measurements were taken
the total stress in the member, indicated by these measure-
ments, was computed and .found to agree quite well with the
total computed stress at the section. Thus a check on both
the consistency and absolute accuracy of the extensometer
measurements was obtained.

An analysis of the stresses in the top and bottom
chords meeting at the East heel indicated that there was a
slight external moment at that point when the truss was
supported by rockers placed with a span of 16'-63". The
moment was approximately 3500 in.-1bs. which would be caused

by an eccentricity of reaction of %‘2‘8‘8‘ = 0447

A change in these stresses, affected by eliminating
this external moment, would give a much closer check with
those calculated by the theoretical method.

It is difficult to determine the exact position of
the gravity lines owing to slight irregularities in the shapes
of the members. With such an acute angle of intgrsection a
small error in the position of the lines would cause consider-
able error in the location of fhéir intersection, hence, this
eccentricity of 0.47" can hardly be considered as excessive.

These results indicate, ad did Campbell's, that the

forces in the members act along the gravity axes rather than
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along the rivet lines where they have generdlly been consid-
ered to act.

rlate 9. illustrates the stress distribution at
location 9 in the top chord under various conditions of support.
The measured stresses are plotted on‘the cross-section of the
member as a base plane, and the resulting solid is shown in iso-
metric projection. From the illustration it is evident that
by reducing the eccentricity of the reaction at the heel the
secondary stresses are reduced. The most nearly uniform dis-
.tribution of stress is obtained with the truss sﬁpported by ‘
rockers under the intersection of the C.G. lines. This type
of support, however, is seldom, if ever, used in prectice.
In construction the more common type of support is the flat
support such as the wood and concrete blocks used in this
investigation.

Considering the stresses at a location near the
heel of the truss, where the effect of the support is most:
noticeable, it is seen that, - supported by rockers (16!
span) the maximum secondary stress is 167% of the primary
stress while with the concrete block supports, it is 192%
and with the wood blocks 126%. These stresses with the flat
supports are not what would result from an absolutely fixed
condition of support, but the rotation of the joint, due to
the elestic deformation of the material in the support,

relieves the 8 econdary stresses somewhat. 3Since the modulus
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of elasticity of white pine is less than that of concrete the
deformation of the wood blocks is greater than that of the
concrete blocks and consequently the secondary stresséé are
1§ss.

a study of the moments indicated by the measured
stresses in the members meeting at the heel of the truss shows
an eccentricity of reaction of 187" with the wood block sup-
ports, and 3.20" with the concrete‘sﬁpports. These supports
were centered with a span of 151=-7", that is, 6.4" inside the
intersection of the gravity linés; but with the application of
the load and deformation of the support, the reaction moved
out towards the point of intersection of the forces in the
members, thus reducing the eccentricity of reaction and the
external moment.

The extensometer measurements indicate that the stresses
with the truss supported on wood blocks are much the same as
when concrete blocks are used. For this reason a further study
of the stress relations was mgde using only the one type of
flat support, mamely, the concrete block.

The two methods of stress determination used for the
condition of flat supports both involve experimental measure-
ments. The stresses {n the members are dependent upon the
rotation of the joint at the support which was determined
experimentally. any purely theoretical method of computing
this rotation would be complicated and not reliable, ©&wing to
lack of knowledge of the exacg_physical properties of the
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material of the supports and the consequent difficulty in
making assumptions as to the interaction of the supports and
Athe structure, Fhe check in stresses for flat supports is,
therefore, only a check on stresses measured in two different
ways since there is no purely analytical méthod for determining
them. With the truss supported on concrete blocks the rota-
tions of the top and bottom chords where they were attache@

to the gusset plate at the EFast heel, were measured with levels.
The bottom chord is horizontai and the level was placed directly
on i1t, but since the top chord was inclined, it was necessar&

to clamp a bracket to it in such & way as to obtain a horizon-
tal surface on which to place the level. This bracket was
firmly clamped in position, hence, any rotation of the dhord
would produce an egual rotation of the level. Fig. lpwf;éows the
arrangement of levels for measuring these rotations.

In the Manderla-Winkler analysis the angle between
the members meeting at a joint is assumed to remain constant.
The measurements described above show that this is not so. The
angle did not remain constamnt, but suffered a change of
+ ,000480 radians. although disagreeing with the assumption
in the theory, this change of angle was not unexpected. No
matter how rigid the restraint at the joint, the angle must
change somewhat when the members are subjected to a bending
moment, due to the elastic deformation of the rivets and gusset
plate.

Since any relation for computing this change in angle
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would necessarily involve an enormous amount of work and give
results of doubtful dependability, its inclusion in the method
of secondary stress determination is uhdesirable.

This method of stress determination gives results
which are, at best, only approximations to the true stresses,
but since experimental results have shown the approximation to
be much closer than when the secondary stresses are neglected
in the computations, the error in this assumption does not
materially reduce its superiority over the more commonly used

methods which neglect the secondary stresses.

Effect of Stitch Rivets:

a8 previously stated, stress measurements were taken
with the hope of obtaining information as to the effect of a
stitch rivet near the end of a member on the stress distribu-
tion over the section of the member. Rivets were not used but
certain substitutes were used which, it was assumed, would have
equivalent effects. In the foIlowing discussion,for the pur-
pose of sbmplicity and clearness, these substitutes will be
spoken of as stitch rivets.

rlates 9 illustrates the stress distribution at
locations 8, 9A, and 13, with and without these stitch rivets.
It is seen that in every case the addition of the stitch rivet
has reduced the lateral bending, that is, bending in a plane

normal to the plane of the gusset plate, and as a result has

reduced the secondary stresses in the member.
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With the supports under the intersection of the
- gravity lines the lateral bending in the members was very
‘slight and although the effect of the rivet was to reduce this
bending, it was not noticeable to any marked degree. with
the more common method of supporting the truss, involving an
eccentricity of reaction, the lateral bending is more pro-
nounced, and hence the effect of the stitch rivet in reduc-

ing it is more apparent.

Stress Distribution in an Eccentricslly loaded Member:

Considering the distribution of stress over a section
as conforming to a linear law, the following equation expresses
the stress at any point of the section in terms of the coordi-
nates of that point, the coordinatés of the point of action of
the resultant force N, and certain constants of the section.
(L% - Kn) ML - KXy g,

- K< <
Txty = F Iely = K

f:

N
A

‘where
f = stress at any point on the section; the coordinates of
the point are x and y, referred to any pair of rectangular
axes passing through the center of gravity of the section.

N = The resultant force acting on the section at a point
whose coordinates are X; and Y .

A = the area of the section.

I, and I = "moments of inertia" of the section about the
'y ‘axes X-X and Y=Y respectively.

( 1. Swain Strength of Materials Pge. 157,Equation (8).
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K ﬁlyn.xy dx dy = the "product of inertia" of the section
for these axes. w A |

By choosing the parameters ( Xy and Y7) in this equa-
‘tion such that the stresses given by the equation agree at
various points on the section with the stresses existing at
those pdints, the coordinates of the point of action of
the normal force N are obtained.

It was impossible to choose these parameters and
locate the position of N so that thé equation would give
stresses agreeing absolutely with the measured stresses for
the entire cross-section. In investigating the restraint
against lateral bending, the resultant normal force (N) was
located so that the stresses gliven by the equation agreed
with the measured stresses in the outstanding leg of the angle.
This failure of the equation to represent the actual condi-
tions indicates that the stress distribution departs some-
what from the 1inéar lawe This may, perhaps, be explained
by considering the member as made up of a number of small
strips each of which tends to bend in its own way imper-
fectly restrained by the adjoining strips. That is, the
material at the edge of an outstanding leg of an angle may
be subjected not only to the primary stress in the member,
but to é stress due to bending in the member, and also, if
a compressibn member, to stresses due to that strip of
material acting as an imperfectly restrained column. The

first two would combine to give a linear distribution,
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while the effect of the last bending would be to cause
the actual stress distribution to depart from the linear

law.

Lateral Bending and Réstraining Action of the Connection

When stress is developed in an angle by a rivetéd connec-
tion to a gusset blate the problem of caléulating the exact
point of application of the force is very complicated and,
in fact, is almost indeterminate. Expérimental results,
however, show that the error in considering the load as applied
at the back of the angle is quite small. In the following
calculations the load will be considered as applied at the
back of the angle.

The position of N was obtained at various locations
under various conditions of support, with and without the
stitch rivets, and thus a measure was obta ined of the
restraint of the connection and of the additional restraint

caused by the introduction oﬁ the rivet.

Location 9a. Consider the South angleg

; A
A#_Lgnb
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X i X

South North
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Total stress in top chord = =16800 lbs.

Stress in oné angle, N = =8,400 lbs.

Ix = 1.187 j.n..4
I = 1.208 in.%
¥ ‘

K == 715 in.2
A = 1.46 in.%°

8400 _ 8400X(1.187X,+.715Yy) _ 8400y(l.208Y; +.715X; )

£ = 5400 1
1-45 1.187 x 1.208+.715%  1.187 x 1.208 + .715°

= - 5750 + 9120 Xi(l.lé7xl+.715¥i)+9120y(1.208§f.7l5xl).'
X, and Y; are chosen such that the stress given by the equa-"
tion agrees with the measured stress at that point.

For complete restraint against lateral bending, the
point of action of the resultant force N will be such that
the stresses in all points having the same value of y are
the same regardless of the value of X. The restraint of the
connection transfers the action of the force N from x = .820"
(The back of the angle where the load is applied) to x = X;.
If this restraint were complete the force N would be trans-
ferred from x = .820" to x = Xy, the value of ﬁa being such
that all points having the same y would be subjected to equal
stfesses. The value of the restraint of the connection is
rated as a percentage of absolute or compiete fixity. The
percentage is calculated as the ratio of the distance the
resulfant force N is transferred to the distance it would have

to be transferred to give a condition of complete fixity.
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That is 0.820 - X -
0.820 - X,

X3 = O when Y, = o,but when the member is subjected to a
vertical bending, that is, Yy % 0, X, will have some value
other than zero.

Table "T" gives the percentage restfaints, against
lateral bendihg; of the connections to the top chord, with
and without tne additonal stitch rivets, as indicated by

the measured stresses at locations 9a and 13.

DISTRIBUTION OF STRESS AT LOCATION 9a (Riveted Connection)

— — —— s — —
Method of |With or With-| applied _ |Lateral |Secondary
Support |out stitch Load X, | X, |Restraint[Stress %
................. rivet____ A ;

CeG.Lines Without
C.G.Lines with

wood Blocks without

wood Blocks with

I15' Span Without

15' Span with

= —

LOCATION 13. (Welded Connection)

CoGo Lines Without 0820 -0068 e 084 9803 3706

C.G. Lines with 820 |=.023]|-.048] 97.3 5l.4
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At the top end of the top chord (location 13) the
computations show a2 restraint of 97.3% with the stitch rivet
while without the rivet the restraint is 98.3%. This indi-
cates an error in ‘the stress measurements as it would be im-
‘ possible to reduce the restraint by the ‘introduction of an
additional rivet. The other figures all show an 1nc:ease in
the 1ateral_restraint of the joint with the introduqtion of
the stitch rivet. When the truss is supported by eccentric
reactions (15f span), which is quite common in practice, the
value of the rivet is quite marked, increasing the restraint
of the joint from 45% to 91%. thding in a vertical plane
contributes the large portion of the total secondary stresses
and hence the additional rivet is not so effective in reduc-
iﬁg these total stresses as in reducing lateral bending.

Column 7 of Table "T" gives the maximum secondary
stress at the section as a percentage of the primary stress.
It is seen that the rivet is most effective with the wood
block supports, reducing secondary stress from 107% to 95%.

Since the cost of the additional rivet would be {in-
finitisimal, its effect in reducing lateral bending and
secondary stresses certalnly warrants its adoption.

Plate il,'Fig.Z, shows a recommended detail for the
joint at the support. Note the additional stitch rivets
and the position of the center line of the support.

' Locstioﬁ 13 is close to the upper end of the top chord .
where the connectibn to the gusset‘plate is welded. The.



stresses at that section were studied with a view to dis-
covering the restraining action of the welded connection.
Since the truss was not loaded to destruction, no data was
obtained as to the ultimate strength of the weld. 1It, however,
showed no signs of failure under the loads used in the tests{.

The position of N, the resultant normal force on the
section, was determined by the method previously explained.
A comparison_of the percentage fixities shows that the action
of the welded connection is much the same as that of the
riveted connection. The lateral restraints of the connectioné
are, welded 98.3%, riveted 96.4%.

These figures would indicate that the.welded connection

is slightly superior to the riveted. A strong point in
favour of the riveted connection is its dependability. Since
the weld is dependent, for its strength, upon the quality of
workmanship it~is looked upon with distrust by the more con-
servative designers.

This investi

ation leads tg tpe follow;ng conclusions:-

1. That the Manderla-Winkler method of secondary stress
determination gives results which are a very good approxima-
tion to the true conditions.

Lo That the forces in double angle members do not act

along the rivet lines, bub along thelr gravity axes.

Se That in structures of this type, for the purpose of
reducing the secondary siresses to a minimum, the eccentricity

of reaction should be eliminated (See rlate 11, Fig.2).
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4. That with flat supports, the line of action of the
resultant reaction is not necessarily at the center of the
support, but that with the application of the load and
deformation of tihe support this reaction moves towards the
point of intersection of the forces in the members meeting at
the joint. as a fesult of this movement of the reaction the
external moment at the joint is reduced and the secondary
stresses are, in general, thereby reduced.

Se That these tests tend to substantiate the theory that
double angle members do not act as a single piece bending‘as
a beam but that each angle bends separately, restrained

somewhat by the gction of the other.

6e That the stress distribution near the ends of the mem
bers does not conform to a linear law.

7o That ﬁn additional stitch rivet near the end of a
double angle member (as shown in Plate 11, Fig.2,) is effec~-
tive in increasing the restraint of the connection, thereby
reducing the lateral bending and secondary stresses.

8. That the restraint of a welded connection is slightly
greater than that of a riveted connection. No informatiﬁl

was obtained as to the ultimate strength of a welded connection.'
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| Dir | Reveraed ;
Tv.c:, 2 . ~_ §j_ “ ’ : .'?. Read, ! Inc:
3 50.00A%- 28.00 1= % 117,00 . = |18,00] ¢ |~ .
+ ;' 1 | '
- | - .
1T | R _.“":J 111 ;
r K 370 e70 j 1 ’ ' 58 39 k
| 16 126430 50,70 { 112 16,42 117,61 ;
i -4 l
A o N N s . 4
; 11 ' 4 ! 11 ! N L ! .
T T z;
o ST — i
" ] _B70. _emo 1 ; | 58 | 39 "ﬂ
MEQL#H&%QM» ;.'5.:4-~--‘ —-;—"'Jallz.!:g.—g-:i | l-a‘-QQ- = = ‘;3
‘1ota] 40 | 520 1280, frotadl 116 ' (78" 38 |
jstreésﬂﬁ.44 x 1280 = =30000 | u.lcws 33.44 x 38 = =890 ﬁ
{ - : ! 3
emayks | f.Iiemariks‘ i
hﬁiﬁi‘? —— __'_—.g 'L B R — -~ —,‘,

¥.3, Stress given is for load of 15oOC¥



181 Span

i — — : 'W ~=-
{ tlzjoad ] 6 f"""'""’
41N 4t Tirect IDpvnr,ed i ;
N N O 1615 Sy - T :
Wofﬁﬁ 'L“”LJ; Reed. 'incdReaa. ; INC, :

TR 5 117.00 .+ {15.00{ + | +_
|

|

l

l !
| ! % ; g 115 ?13
| 15 28,17 | 29.84, ' 15 . 15.85 | 15.13

i H

]

|

|

|

!

|

L T N

Yy . TR -‘i— H - ~ "v.
: ! T (- ‘ : _, A
! 85 | 116 | ‘ 1115 13 g
z%;ﬂ'bz;&%,:@é_@w#_._:__a - ©_ 117,00 115.00 |
|Total) 66 | [32 | 134’ ;'r:otait i 230 261256
;stres $@5.40 x 134 = w5140 | My ] ‘3 44 x 256 = +6000 j
lRemaﬁks zpcmarxs "

—_——— e @ —
J | Toud 8 ]

racd _ " lﬁF Nirect: | Reversed :
- - . B et y L—.- - O
'-riﬁstaﬂ zﬁcj’ Recac, Inc.| Reac.! Ined i
P L . = S e —1=ﬂ==_—'-="l !
4 % 118,00, + (16,00 = | ¢ !

| 79 20| |
I5 q7.21 115, 80 i

! B |
N i
T i

W7 L j i
! 79 | 20

',._._g._._._ﬁ_mlsggo i 11600 | :
M ; |Rotel Teal . 40118
- Stresm 44 x 256 = 46000 | [sireds RB.44 X 118 = +2770 |

. ,emaqks ‘ ﬁ h?emarkSTOtéimiﬁress = ~14600 ﬁ@s.

.
LY

\

‘ ¥
:JeB. Stress given is for load of 16000,



15" SyralN
E_~ Tl W
Pl
LOCATION KO. 16
frosa | 1 ]
oAn ol Direct | reversed |
I 1000" MReaq. . Inc, Read. Inc.|Total
£ | 6,00 = | 6.00] *+ | =
i 7 l
-— _..1>.. ’f
TT )
! 160 55 5
i_15 : 6,60 i 6455, !
f ’ S W I
11 . | o
o
T 60__ 55 1|
L2 {.8.00 -M’ﬁﬁ—'___@..____,},,@ -
[Totaly 120 110f 10 fota i
i Stress%5.44 x 10 = =240 gstressZS 44 x 1346 = =31600 f
! : ik T
i Remarks }E?omarllcs
- - S o e z : — = == =1
Load S | Load 4
in ,| Direct ’Devevsed { im| Direct | Reversed
' Totall ?‘1000’ ' Read. Inc.| Read, . Inc,
] | 1
n ‘
11 11 ] | wi
3,33 2. &) ' } 62 ! 50 ‘l
15 19.93 3.20 15 33,62 :32. 50
i
B
ﬂ
: |
: ! 24 |
Igtreds 23.44 x 1346 = -31600 | [Stress 95.44 x 24 = -570 ‘
i | P

i
’ ' g R r'Lks |
Rema «
“Remg ks ) ==__,.===J [ G e = !

~ 2
N.B. Stress given is for load of 15000,




15' Span Teble
/:./]Y\ ﬁ ;«%
4 r//‘“ ; F\ ‘ ';
E;(/x S N lizi 5
‘-ﬁ-——-’-—-—r——--«-\-‘-‘r-—'}v——#—-n.»\ ‘ i '
Location No. 16 s 7 L 2
"Load 5 ) frosdal 6 " !
R 11n{ 7{: Dlre"t reve {?‘32—.' ) _L.ll y Tirect . ! Peversed N :
COo zead. } In“ _P.ea,c“a‘.'. inc,iotal LL06 . Read, ‘;m,,;i"::;ead. i Inc.| ;
2 17,00 | + [5.00; - + . 0 3 35,00  + 29,00 | +
i { ! a‘; : \
| - l g L i f
; S s e s e
1T B 1 P R | T
| 52 iEE N S 128 | 11|
i_15 7,92 - i5.22, | ! 115 36.28_: L28.89 :
S | I P ‘ ! : .
11 R Coap11 ! !
. i i : 5 i ; !
7 T 7 T :;
; 92 35 T ! 1287 11 :
7,00 15,00 | | i 3 135.00 | _ |29.00 ]
J.Ota].x_ ~ Nhes ! 44 [140 | Dotal) 1256 22 | 278
|Stress 23.44 x 140 = 43290 1l logragh 25.44 x 278 = 46520 };
i 1 ! ) - = i
Pomaris
& Remar‘ks __ L m“_l t ona _ ”
- —— = o e - . I r — = -
Load 7 f? | Load 8 L
in ,| Dire:zt | “eversed f 11, Tirect jReversed J
11000~ geadJInc,Totaﬂ 10nT read. Inc. Read, ! Inc, ;
3 |5,00 |+ :5+00 | + 1 + kb o ¢ 33,00 .+ 132,00 =
; | | ﬁ
7 BRSNS k- 4
11 l ‘ 11 o ! *:
:» - 26 11 ! 92 ! 28
! 15 6.26 4,89 15 33692 1 32428 i
; ' ' . f |
t 11 L
| |
7| 5' i
| i 92 28 i
- 2otall h 84 56 [128 |
;

latreds 23.44 x 274 =
! {

+6410 |

‘ ,Stresis 23.44 x 128 = +3000
— o .

| -Pemqr 8 Total stress = ~1500 1lbs.
o ] P e ey

N.2. Stress given is for load of.l5000.




C. G. LINES

S
“ ,oad [ —— - ; T,0ad l 2 T—‘f
,% Al Direct | revsrced | in J.:% Lirect [ Reversed '
1COJ Fead.| Iinc,{Read, Irc.|Total L0 neaq Iwc.vead Inc,
5 50 OO :__‘ 50 OOE + + ;\ » 5 T 35 OO + 50' OO + +
17 | 25 o 27 32
: i 7 ;
7 | 5.17 [ _}-BeTT, ] | 33427 | 29,68
b 18 ! 24 L 27 31 j
| 5.5 _ | 2.88 | | ' ¥ 133,54, 29. 37!
' 17 p 231 J 26 | | 32
A5 8.82 | 2.30 ' 13 33,80 ._ _ ;29,05
; 18 R i i 28 ' 35
11 5,04 2.53 e — 1L 733,52 29.38
(201 25 }._,_;' . _i®os 3] ]
. = [16__ 221 | . |27 32
d 3 . ’ i i I ! !
. 4 R 9_.2-.-;8 ! - :’.;..-ﬁl;:é"...gfg‘.:—_":—.:;'.‘-:f:-_:‘ PR -—!’ o1} ’:.QQ—f-'“—"' "—é—o" Ol‘*{‘
[Total Q6 140 ] 246 iz_o_ A 1160 1 191 5517-_
istress 25.44 x 246 = +5770 . £izesk  25.44 x 351 = +8240 |
Remarzs « f'?c:;’atfk's n
o SN S s |
‘ | i
— - — - — _...._.u f —_— T
Load 0 ! Load 4
in , Direct zeversed 7 it Direct | Reversed
1G0C™. Read Dead,|Tnc [otal ; /" M3ead. Tuc.| Read. ' inc.
+ | E “23,00; +_ [30.00 + +
| 26 31 1 | 17 22 =
7 i s.26 L | 4,69, 7 129,17 29,78
! | 26 31 ' . 20 22 i
111 . 6.52 | 4438 W11 129,37 29,56 ;
i ; o7 31 ! 20 23 3.
| 156 | 6,79 | 4.07 1° 29,57,  i29.33
: | 26 311 : i | 15" 20 o
11 6,52 4,38 11 1 29,42 294 53 L
: . {25! 32 4 L ' 15 20 .
l VR 6..28 ! 4.10 ‘.' ;! 7 29.272 29.73 .
| Do | ;
i , !

[g ‘ ‘ I ;

:Stregs 23.44 x 342 = +8020 t-eas

i T X :

o 1 | Remar st

[omazs §(Remups

WL
- ~e

Y
Stress given is for load of 1500C,



C. G. LINES
- 8
LOCATION NO. 1 8
a st TUTTTUIUTT T el = has = “""’ Apand = ol = ‘—"'- =~
Load | L | %Load | 6 “]
1nr~7f“.'-___.111.“_‘§£§_,~_, reverced b in yt rTirect [ Peverged ' ‘
100" "Fead. [ Inc. | Read. Tuc rots) | 2UC7 Theaa, 'InclRead. (Inc.
2 | 4,00 +, 3,00 +«l + "5 50,00 +{54,00_ +| +
'} 22 | 17 . i . 23 17 g
7 | 378, . 3.17 o 129,77 | 34,17
j 24 | 17 | T 04! 16
171 : f t ) =
35454 1 5."54»;Y e LI ]29.88 34.33 é
L 23 | ' 16l |l | o1 17
156 3.31° ' 3.50 [ T35 29,32 34.50
[ JS S A L 2 S i 18] 14
11 3e54 B.33 L. i 1L :29.50 ' 34,36 |
-1 ‘.._1.7.#.--____ 1 B3 .18 i
T 3.8 ! 3.6 __ SR 7 129,73 . 34,18, ;
L | 23 i 116 ! % I ; 25 16 '
. _4.01 0 . 1.8,00 ' . & % 129.98 | _ 134.02
;M_ 1139 1100l 239 oy 1134 98 | 232
; ‘ EE
;} Stress 23.44 x 239 = #5600 | 'gi_fbl 23.44 x 232 =  +5450 |
omarz \ P hele “',rlr'g
R = '_;:t‘:.".-:‘:'_:?".i:?;’..l:_’?." -“_...”..'.'_'._"_"‘_l:l ‘2—::...__‘!.';_’.: pu— —
Load— é-w_rf- ] ? Lnad “~" é ]
in , Dire 3t Zeversed ; in,| Direct | Reversed
160C". Read. {Trio ead.l"ne.fotal 1007 MREud. Tic.| Read. ' Inc.
3 | 6,00 L+ le.00 v el Z 33,00 ¢+ |30.00] ¢ | «
21 16 | ‘ | 20 17
M 5,79 L 16416, ;rj 32. 80 30,17 |
22 16 ' , 20 | 16 |
™11 | 5.57 6432 i1t 132.60 . 30,33 :
| . Y20 16 ; l 20_j 17 ;
15 | 5=37 | 6,48 15 132,40 . 3C« 50 ]
J19 15 i} L 17 . L4 {
[ I 5.56 E.33 11 132,57 | :30.56 i
. 24 ! .16 S | 21 16 j.
7 1 5.580 16,17 1 7 |s2.78 | 3020 ‘-.
! ? 20 | 117 S | — 121 18 3
I 8200 iaL.rg:_L&&am 30,021 L
"Total | 96 _l222 . |Total 119 198] 217
‘ctregs 23.44 x 222 = +5200 | ’S’C':'GS§S 25.44 x 217 =  +5100 '
' T i : !
i ' I ?Pem'u}’s Total stress = +14,7
H:‘:fmap",{s Jl !L_ A ,700 1lbs

Y R
~ e~

4
stress given is for load of 15007,



LOCATION NO. 2 %

— LTI TS = L= — -*'—'\‘_,._
JQ*Load 1 - 2 |
doina  Direct revarced | [ Ceversed ' !
1160 "pead. | Inc. Rond. trc.| (rofRend. {Inc.]
| 2 | 30.,00] + 34.00] + 7.00 |+ |+
| 16 | 127 o8 :
| 7 |29.84  34.27. 7.28

z 14 ! 26 N 29
L 29.70: _ B4.55 7.57 |
i 13§ 127 x 29
‘ 15 __9_:._07_._ — '—444_&0,, — !%'7° 86 _
i R - I </ A T .90
ll 22_._70 Vo '54:0 55 _f » 7056
R R T2 < J N 28 i
7 29, 85‘ 34,27 '} ' 7.28 !
15 ErAR N N - 58 g
T B6.98_ 82,00 _1 1 1 5990 .00
Total __m"i 84 | 160 | 244" ﬁilgi;ijj;w__lgswr 1721275
.s+r 5.44 x 244 = 45720 | Siresh 23.44 x 272 = +6450
! ) Ty e
@_}__:_: ...A__.____.._.‘;,..._._:_: - e *“ :—“::__::.l -j' I gdiomepin —= —
| 1
- T T I Toea & ]
) _ b Tnud _ ;
ngd_{, Nire: ~+ _ifieversei ' :L'I:;ﬂ i Dire ct I Reversed
1.GOC™ Read. Tv o Readrac.potall MY T Read, Tiue.| Read.' inc
mﬁgﬁ o }:-_-.:_?:afm = }
5 ‘ 330 OO + 329_9. + _;__f____ 1 !' ~ 7. 00 L"' 7.00 + + )
: 17 29 é 118 28
7 132,830 | 32.29 L7 | s.82 728 j
| 14 | 28 i 16 217
T11l | 32.69 32. 57 it 1 6.66 . 7.55 j
| | \ 17 28 | 16 | =7 f
156 | 32,521 32. 85 D 16450 ; 1 7.82
18 1 . 28 ; 13 24 _
.Stregs  23.44 x 264 = +6180‘ |[strese  23.44 x 262 =  +6140 |
.vf — I ' .0 :
[Remarys | FemuEs ) ;
- AN

i
Y.B, Stress given is for load of 15007,



N by S
\ t
1\
- | N
LOCATION NO. 2 5 7 6 8
ﬂ‘Load - -_.,;.*_; 5 . | !Load ] 6 .
; 12 L Direct | reverced R S »'_ Lircot [ Reversed ' I
3;&{ 0 Fead.| inc. [Rerid, ing.rotal i FLOT oo ing Rend, (Inc, N
l e 155,00 % [34.00 *  + ,|" 5 8,00 '+ |4.00]¢ | +
; 26 EE] I . 26 16 |
{ 7 |33.26, @ :33.87 * oo | 8.26 | 3.84
i; g6 I A v 1z
‘;: t 33+ 52_ ~~1-3-5-‘—7-4; » N {L{L! 8.52 3.70 ! |
! 28 | T oy 17
15 33,80 . _ 33,61 | ' 17 8,79 . __ | 3.53_
; N -1 Ay T T B S | 26 ' 16
. 11 33,53 . 33,730 S B— {ir 8453 | | 3.69
26 A5, 1 o 24 14 |
7T 33.27 ' 33,88, ' L7 8,29 |  3.83
; 127 L 127' 4{ ... il28 15 g
35,001 . 154,00, . . _.. | .. |80  _ |3.98
Total h_GO 781238 .tT_"_u_‘i _J;__ 11587 92 k49
';‘ Stress  23.44 x 238 Z *_5,‘_5_89_' :_ji . 23.44 x 249 = 45850
Ame s 5: e “,r’j"s
B e PETER ‘
senanvatuti [ Erv—
Load + Dire 3t “eversed ' ii;ﬂ Diract | Reversed ;
l(OC. Read. Tead.Tnc.otall 07T TRELE, Tac.| Read. ! ine i
Nezeee——— ——-—-———--=§==—-—4"ﬁ F‘ = : —— ] ]
3 iza.00 L + 134,00, + _ « ) i_° | 4,00 * | 7.00| * .
1 28 15 i 128 17 |
"7 134.28 55485 |7 | 4.28 | 6,853 |
29 17 i I 29 16 f
11 |34.57 33.68 ii 11 1 4,57 16,67 ;-
26, T 15 i | 25 17
| 15 (34,83 { 133,53 | 1> . 4.82 . 6,50
261 16 [y . 25 —— 13, ;
IT I 133455 11 ¢ 4,57 | .
| S o o 7 [ 4.30 | 6480 k
' 7 !34 29 L§3085 i 0 . .
n ! 29 | 17 o 29 ! 19 f
! i — ¥ g ' z i
H . ) } i \ < -‘—'4 01 g — i =
e tal 66| | 94) 260 |rotall 1163 | 99| 262
'Stress 23.44 x 260 = +6090 ; [Stre5s23.44 x 262 = +6150
e 3 I : J .
¥ | Pemarys Total stress = +14,400 1b
ﬂf’-em’j‘-l‘;ks T S S ek diak: S

o
¥.B, Stress given is for load of 15000,
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nabl

e

+4550;

Strecs 23.44 x 194 =
.,r—- -T
ﬁ?emaqzs J

20.44 x

2786

+6470

) E W S
LOCATION KO. 3 %
Froma [ 1 e .
Vo eB Al _Direct | reverr ed o T rzeversed ! }
1FOJ Read. 1ncl?eqa“¢nc.Totaﬂ ihs Inc4Read. |Iac. K
2 | 34,00+ |32.00+ |+ 8,00 | + | +
15 | 25 | i 21
|7 135.87,  .32.25 ;o 8. 21
‘ 17 ¢ 251 2l |
1]: - : 1 1 7 '
t 5‘:"#70!. — 52' 5—9 ;* i 8.42 1
H | 14 ' 26 B .21 -
15 33.56 _ '32.76 | _ . 8.65 ':
13, 125 i 21
11 33,69 32,50 _ _ 8.42 z
15 i85, . 21 !
T _so.eal 3324 . [ 7 - s.pa 8.21 | |
) . | 16 | | 25 | (I 16 21 I
e’ 5 .84.001 . 132,00 _| _ | el 8200 . 1 8:00 |
[FotaT ~ 188 152 240 oun: &0 126] 20k
| Stress 25,44 x/240 =  +5620 | i&c*eb; 25.44 x 206 =  +4830
i G Y S il
R s —
: _— . . |
R NP
Loa Dlre*t ~eversed T ‘ i, | Direct | Reversed
lOOC Read. J Read.mac. [potayl 1097 Read, Tiic.| Read.' inc.
Bt
3 (33,001 + Sl.Qﬂ; +1 .+ j_°S 14.00 1+ 18,00 | + | +
g 2 20 [ | 20 28
T 32.88 . 51..20“ ",_’.7 3480 8.28 ‘
T : 20 25 f
| 5.60 L 8455 .
20 | 27 ;
40 N 28.80
| 16 26 ;
56_ ! 8. 54 :
119 25 |
75 | 8,29 K
| 29 ! 27 !
| K
uTQtal 118 |158]| 276

i

4
¥.B. Stress given is for load of 15C00,



0
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w

i
. : |
: —
| i;Lﬁ
LOCATION NO. 3 | |

' e = ommmu e SRESEE T~ .
lToad | 5 i |lzoaa | 6 , '
v in 1l pirect | reverced oin i pirect lfevnroed i |
L1000k - . LR ldrest £ ,

-~ { Read.| Iinc,{Rend, Inc.Poted i-%-r o ‘irggRead, (Inc
v - e i ol nNCLL, L TIC, 40»6«..., ' ; _‘_‘eai‘L J_,_\,.[_.eu' . -ive J
T +

28 19

Z [32.00{ ¢+ 134,00 +{ * . 3 | 7.00 + 16.00l ¢ |+
s

7 |32.27,  .33.87 |

© 1 7.28 | 5. 81
SRS S A4 NN | N ——2T 20
10 se.s1!  isz.7 0 TIT ylss 5.61! |
‘ L ) s 27 i 17
|15 32.80; 's.57 i it ez 5,44

L RT 13L;__4 ! \ 12636 : 16
Ll 5253 SEJTO_ L lii  7.56 ' 15,60
6. 1 13 o 26 | 18

7 32.21;_’" 135,83 . T [ 7 .30, _ 5.78 |
' 25 A7 ___ L
' 32.02 | w_;éAJan__j__"; o 7,01 5.98 s

“"'!-.-. LT ST ST R didtptutddio= | (TemED Th m= = — e

Zﬁﬂiﬁia_*i;< 58 1 86 i244-; Tooo 163l 110 | 273

|Stress  25.44 x 244 =  +5720 ticch 23,44 x 273 = +6400
} , ~ B N
']‘ Remorze . L hmiras
"_;*.:_::.‘._:.—T'_i . T T A"A_..."’..:_‘.:l‘j -7 ._—.ZL-___".. oI T ——
T == T T — -_.{ ;;:‘-Q—T‘--:—" —
Load b I T A— i
in , Dire:t  |Zeversed | = | ‘b Tirect | ceversed
11200 Read, Tzl 2 potal v Rez0, Tin,| Read.! Inc, :
; F ‘-:-:am — T
3 {32.00l+ 3200, +le_ || ¢ C | 7.00 .+ (4,00 | ¢+ | +
; 1 30 0120 ! 1 30 21 |
7 132,30 { |31.80, L7 | 730 | _ 18,79 ;
29 119 g 27 | 20 K
11 32,59 31,61 it | 757 1 .3.59 | !
! il | 25 ! ' 19

—

U]
~3
[ ]
®
AV
01
{
NN
O

i |

15 132,88 | 131.43 [N _ : -

: 128 | 15 (i " 25 L 18
]
|

IT 32,60 131. 58 | : C 11 ; 7,57?27 _3.56 —
20 ; — : e ' ,

W 52,30 (31,77 © 7 s0 | 3.7 {

28 20 o i (27 ! . 23!

T G

P o 7.03 t3,0m7 LN
: H - : = W-‘zz-——";—.‘:-:——.- — —— __
B otal 174, 111] 285 |7otall 161 | !117 278

iStregs 23.44 x 288 =  +6670 ;§ |Stress 20.44 x278 = +6520

N
4

+14,100 1bs.

i - I S .
Demarks i L?eﬂﬁhfc Total Stress =
II o e
\
AN

npd
v B, Stress ~iven is for load of 157CC,
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+3870 i

| S
LOoCalivy Ho, 4
e e T TSI TTLL m e seeme e e .
“ﬁand 1 ; jk"*
A 12(# Direc 1 'revar"gd -y in Lirect [ meversed ! !
i}C‘J Fead. nCs?eqd Trec,Total '*Cogf_gead IrcJRead. |Inc. i
7 1 } - o A-—:-; ? -
2 | 32.00 + 32.00 +1 + | © 16,00 | +16,00 1+ |+
, 18 22 [ l 112 13 ?
K T T T
7 | 31.82 . 32, 28 f " 15,88 | 6.13
' <0 122 ; 113 14 '
— : , 12 ,
L [ s1.e2l 52.45 i LET s.ws 6.27 | |
. > + Tt T e + n
' i 20 Leal : 1z 14
15  31.42 " 32.69 _ | ' [15  5.63 . l6.41
! 218 o l23 ] i 113 ) 11
11 51.60. 52,46 _| 1l s wg " 18,30
TC T O RN R S I 13 |
T 1, ag*_.___aztzﬁu____mw_F L7 5.8l : 6,17 |
; 20| i 23 i 1 116 ; 16 -
L2 . a2.00. 122,00 1 I 4 " k.97 . _ k.0 N
[Total _hwfr84+_ 138 J222_ ﬁgg. o 71 82 1153 |
; ) p - . - p ) '
iStreSD 23.44 X 222 *5200 iggﬂﬁzs 44 x 153 = +3590
- (
CMarks . e LR il
" R b —:..":..",‘_i:'.'_f"' T "“: ..t—“—.:.' ‘—]‘ ——— o= —
o —— -- — : f — —== T J
Load 3 ‘j | Loaal 4 !
Dlre t reversed : ﬁ# Direct | Reversed
:lﬁOC Read, |Tx:2.] Read.l™nc.[fotaly 107 read. Tnc,.| Read,’ Inc 3
f-c..—..—_==*=-— [ e - i
3 RS 6.00 :+ 5.00 | + +
s | 25 26
i L 7 15.75 5. 26
‘ ! 24 24
1711 [32.75 31,32 | it 15.51 | 5. 50 |
| , J 11 115 | 21 | 23 3
[ 15 | 52.64 1 48 | 10 5,30 | 5,75 | y
] 1 9 512_#_ ; 29 -
[ IT 732,73 31,36 —
} R R 15 g —y
- bz.se  bl.2l ! _4
3 114 | 18 . |
% 33.00 51,03 ‘ i
}mw : == -
Jotal 72 1 f f S,
‘strees 23.44 x 165 = ’St:egs 23.44 x 284 =  +6650 |

f

;Pemqr}s

A S

,‘!
ﬁRemaqks

‘ #
¥.B, Stress given is for load of 1500C,
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“ih Ju X

LOCATION NO. 4 8
4(Load o "_‘_.5 L g oéd 6 j?hv“
il __Dbirect | reverced | in 4 1irect [ Reversed ! !
lCOJ Read. Inc.Reaﬂ,Zlnc.TotaL | LCCO . Read, T&nc Read. {Inc.
2 185.00] + |52,00 +| + I 5 | 5.00 | aoon ¢ | <.
23 19 . | 26 23 :
7 |33.23] | 33.8] C 13.26 | 5,77
23 1 | 21 ; |24 25
i 1+ |33.46]  |33.60 T 7 5.50 5.521
: : .24 '20f | i 26 22
15 35,70 33.4d | ' 715 | 3.76. 5..30
: Ty 24 19, | i | 24 20
11 5,46, . 3359 1 1L 1 3.51 " | 5.50
; 23\3_-' ! o0 _:l :f_ ! ; 25 i #23
7T 33, 25‘ 13379 L L7 4 3.26 _ 5.73 }
, g 23 1201 1 i}______ 1 26 | 26 :
P 5 . 8%.000 . 183,09 | L % | 3.00. | 5.99 !
jrotel nao _ higlase) ool ' 139] 201
i Stress 23.44 x 259 = +6o'_7_o___!3 E{S’u:f-;? 25.44 x 291 =  +6830
. (N
Remarks ., i Reoneries
i I i |
p j Py - _— ! { = e :‘
7. Load 8 L
Lo d | , !
a : Dire=t Zeversed : 12F Direct | Reversed ‘
lOOO, Read. i Tr:c.] Read.lTne.fotal HAVEN Read.~Inc. Read, ' Inc, ;
1 ,: 2o e
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Y.B. Stress given is for load of 150C0C,
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Y.B, Stress given is for load of 15C0C,
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Y.B, Stress given is for load of 15C0C,
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X¥.B, Stress given is for load of 15007,
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| | 29_ 18 —~ | - 16 :
I SR 1-1° 2 | | ; , —~
I '20.22 | Te.80 Pop—T 1s8l.e6, . 25.82 't
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Y.B.

. Jis
Stress given is for load of 15COC,

.\
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X.B. Stress given is for load of 15000

istreSS 23.44 x 274 = +6420 i 23.44 x 2292 = +5200
= 7 ‘ f Z
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poin a Direct  reverced | d oin i tirect [Teversed | 1
2009 | Read. Inc,|Read. irc,|Totall 'lbo")'; P.JeJad. "IncyRead. [Inc. ,
2 lpraot+ (20,000 + | + "5 2e.00 | +1%0.00 + | +
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1n_u Direzt ~eversed - | 12£ Direct | Reversed |
1G0C™. Read, | Txz.] Read.|Tnc. ffotad] 1C77 Read. Tuc. rRead, ' Inc, ;
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X.B, Stress given is for load of 15C0C,
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¥.B, Stress given is for load of 15000,
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Y¥.B., Stress given is for load of 15C0C,
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Y.B. Stress given is for load of 15C0C,
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~.B, Stress given is for load of 1500C,
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3 ~ 20 | 27 ;
|7 26482 29,26 k
I ; . 18 i '?27 g
1 3 B7,00 | 2s.00
Cotal 120 159, 289
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111 | 18.67 164,52 | 111 i30.g5| ! 31.48 3
i | 17 27 | l 17 | 23 !
115 118.50 16,79 | [T5 s0.48] 31.m |
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N.B. Stress given is for load of 15000,
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;JEZE%&._.__,L1454_L*“__~;ﬂa1;2444 ﬁ:zgzd . Tag 88 | 230
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Y.B, Stress given is for load of 15C0C,
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; _27.67° 31. 50 |
; ' 168 25
: 27.83 31a25; .
i 1 L 17 26 .
_ b 5_ 128,00 31.00:
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*.B., Stress given is for load of 1500C,
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Jt
.2, Stress given is for load of 15000,
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7.B. Stress given is for load of 15000,
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IStrogs 23.44 x 153 = =3500 | |StTess 23.44 x 250 = -s860 |
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N.2. Stress given is for load of 15000,
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Y.2, Stress given is for load of 1500C,
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Stress 23.44 x 282 = -6370 Stress 23,44 x 254 = 5060 3

T |
[omaes | P Totel stress - 10400

. — e c——

N,B. Stress given is for load of 150067
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-
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¥ r
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| — J
| Stresp 25.44 x 254 5960 1 lotres23.44 x 277 = -6500 |
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‘M 1178[ 292 | l Iotal .Lagl ME:‘}
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[Tosa | s ' [[rona 6 o
: in x Direct  re: fcrﬁeﬂ ! ool an o tirect !Eeversed ’
1000 T Read. Tine 1850 Trn ms H OO0 T head
Read. h lnc . Ino {Totel : . Read, Inc.Read. 11“1\/.
2 133,00 | - izg.oo - - . W53 7,00 - |3.00 =~ |-=
der | 15 1 23 14
T I33.27 . ,28.85] ol 1725 | 2.86 ;
: T 25 ! . 15 R ‘25 14!
H 3352 1 28.70i o l %Em I 7.48 P 2,72 5
§ .26 | 14 N 2 12
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‘ o .2R6 1 12 L i 122 | P11
.26, . 16 3 ' 25 [ 15
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; 26 1 16 ¢ IR} ; 325 ' 14 .
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i - oo " T
I i} "D oo “1r3
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Load '7 T T Tiendl & !
in | Direst “everscd ! in,| Direct !R eversed | ,
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3 133.00 = 132, jﬁ - S 8 00 300 - - l
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| 24 1153 ® 23 16 |
T 11 Iz3.46 31,75 111 |8.45 ! 2,70 o
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R R T , ; 25 15 -
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! - --- : : o "
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“mearr% ! 'Pem?fgf_zqtq}_gtress = -16840!
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Stress given is for ]oad of 15000,
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. 25 50
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~-16450 lbs.
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“.B. Stress given is for load of 15000,
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H . lr» T ;—— ;
- . | B |0 . : P 1 .3
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10007 Read, |Trc.. -I?-s,:’e,c'l,.‘;!".flf._,i P otel ,_i_ciz;:l-ﬁow_ Tnc.| Read, ! Inc, _i
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ﬁRemavks k iLRemar'ks g

§.B., Stress given is for load of',

160007
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" Losda | _ 1 . B l10ad | ] !
K lnr{ Direct revarqed ] |30, zirest ! Zeversed ' :
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I I A
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{ + { ' '
y R
[romae jopemerks -,
‘ »
.2, Stress given is for load of 15000,
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H
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- - — o ey <
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) | SR T
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'ﬁ===% ; === : -—-ﬂJ e e
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.2, Stress given is for load of
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iPemqr?s Total Stress = +14330 1
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. e e e Al
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.2, Stress given is for load of 15000,
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et Rt S T i e — - - = —— = =
fLosa | 1 ] Yroaal 2 S
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.2, Stress given is for load of 15007,
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5.2, Stress given is for load of 15000,



BOLTS AND FILLERS

n
AR z
E‘)(/x///' ? \\\\\\ W S | N
4 $ 3 '.‘ri-'r---ﬁ-—-—Q————-—F—\. i ‘ .
LOCATION NO. 12 R
5 7 6 8
S i A B S e S T e SO, — e e - ——e — 1
ﬁand | 5, E !Load |6 : e ?
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in ,| Dire:zt Peversed i in,| Direct | Reversed
1600~ Read,iI’ 1 Sead.ac. potad] 51077 MRead. Tno.  mead. Tnol ;
3 [20.00 ‘= 27.,00] - ! =] 4_% |®29.00 - |15.00 | - -
! ) i !
= T ! ;» 7 ; 1
! M e = l T ’
11 ‘ 12 i I ;
i —
. .78 51 ! | 80 58 ‘
15 [20.78 | 126.49 1o 29,80  14.42 |
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X.2. Stress given is for load of 1500C,



WITH BOLTS & FILLIZRS

30 1\2
T \\\ i ;
E ,x/’// | w N :!s S
4~ ¥ s e SN\ .
SR || S
LOCATION NOQ, 13 S - G-N X
o L T L D T D I nTn Ll — s e . = ———‘““‘—“**—'-1
'(ioad SR ' llnoaa | 2 !
v Daf_aj.q-Fﬁlifffd | |.2n .t Zirect [Zeversed
' 100C" =544, ' Inc, Read., ina totel g =0E0 Read.!IﬁCJRead-IIq“'
pos = = ; =T 7 ¥ -
© 131.00, = 1533.00 = = . % 5 (7,00 - [3,00(= | =
A T I | f J
B S ] —_
T 1] ] | s L . -
e | __-L- - g: ,_}.jL_.. L : i !
} | .50 | 68 co : 33 .52
15 . 30.80. _ _i33.68 _ 4 _ ' |15 _8.62. 3.2
S S L I i ‘ 1 ' .
11 g 11 1 | ] |
| I g 5 + —
( . I | o
] | 50 | 68 B | L 38 52 :
, A’51°°°= _:3%.000 | . .3 lwoo i i3.00 :
[Totali V100 1361236 | Dotal! . 76 104 180
P f I
{Stress 23.44 x 235 = -5550 | [Stresh23.44 x 180 = -4220 |
Il " k *m T
lRemarks }Eomarks
- = —— —— o L _____
Load 3 I Load 4
in ,| Direct | Reversed | }ﬁ; Direct | Reversed :
1600 Read.jIKiJT°eadJ*i04;0tal SLCoT MRead. Inc. Read. ' Inc, i
h e $ #::J : -—--'_...__ﬁ-—...-—— & )
3 [32.00 ! = .30.00} - _~_ . < 16,00 - 6,00 4 = -
l N i | ? 1 |
= % | 7 ’ ' !
11 | iill o i j
| 34 80 ! 55_ 70
15 31,66 130,50 =0, B.45 6.70 | J
~ i | ‘ ' ‘ B

' ! ‘
jstreész5.44 x 168 = -3940

'Penqus
| S U U

L 5

ﬂRemgﬁks

’ J
i.B. Stress given is for load of 15000,

o ~e



_ Table
WITH BOLTS AND FILLERS

-
.

=3
? \
=
=
Z

|
{

LOCATION NO. 13

5 7 6 8
e DIl DT el e lImomTes oL —'-——-—-—: — : i —— — A—‘“
WLoad.. 5, - jlzoaa | 6 .
> 4l Direct | reversed | .10 i Tirect | Reversed | |
1006 Road.| inc. Hond, Trofiotel i1 *CC" TRogq, Tncimead. [Inc.
¢ | 84.00{ - 130,00 - - . T3 600 - | 5.00, - -
| ! “ ‘ !
— A O I
i IV o _
| 11 B P EL : 3 :
} | | 71 | 53 o 74 | 59
15 134,711 29, +m____w”__‘ 115 6.74 4,41
é--—-.'........__.L....._A_._. .._’....._. e 1 i : l r l
11 , 11 T 1 ;
— : i 1 : | § ’
T o ’ . — ' i
: 71 | 53 L ‘ L 74 59 E
2 154,00, A;QQngy 1 i 3 ]6.00 5.00 !
[Totaly —  T1agl 106[248 || iFotal] 1148 118 | 266,
iStress 23.44 x 248 = -5800 i! letrosh 23.44.x 266 = -6240 ﬁ
}l : ' W4 L — |
it ; ' 1.3 “1’3
“Rema?ks “_-_____"J! AFCWQ iz n
B o .
— - - — o - ——— iy {'—' —— — 8 ]:
7 q’ __.JOJd
Lgidq Direzt Reversed in,| Direct | Reversed ;
ilOOOl Read.iInc, ReadJTnc.Tota?“ ?1Crn- §E?d° Inc, Read.?Igg, }
3 |3a.00 . = 93,00 - | =] i % 14.00 - | 5.00]- -
] ! ' | ‘ N
7 H _i_“‘mL %»*7 |
11 N f !
i 78 62 '\I t | 73 | 58 7
15 [34,78 | 32,28 1o 4,73 | 4,42 | ;
f I ! . Al l ’l
} 4 j -
[II | 11 | )
; | . - | E "
1 ) o7 L N
! i ~ 78 | 62 o | L 73] 58 J
‘ | [ P70 so0l [
124 [280 , [Totall fihel Ele :

§Streészs.44 x 280 = -6570 | [Stress23.44 x 116 =  -6130

&i:m?qks 1ﬂ u????ﬁﬁ?*?gtii_gfress =__=16430 [1bs.

‘ 4
.3, Stress given is for load of 15007,



40D BLOCKS

LOCATION NO. I
an __ 1. f ’ Load | 2 ;ﬂ
. in al  Direct "reversed - il in e Tirect . TReverrsed T
1000 Read 'Tne.jRead.! Inc.|Total gl(o ; Read, "IncJRead. ;Inc.
2 [7.00| + 6,000+ | « . I3 i32.00 # [52.00] ¢« | ¢
T i : ;
W7 s |
i — ) —
1T | N H |
i | 50 47 | . 120 113
15 . 7.50 . _ _i5.53, 15 .33.20 ; 30.87 o
' o N | i * | -
11 L S ! |
T A _ L j
| | 47 L 47 j ’ 119 EllB k
3 7.03 .6.000 | . i3 132,01 32 _
[Dotall 1 g7 94 (191" éTotal 239 226 465%
st :r'esrs.ZSlS 44 x 191 = +4480 Istress 2‘&6 44 x 465 = +10900 |
I ' L .
! ! vira
![ Remal"ks ] fpomaa. .}LQ l
Load 5_ | 1| noad] 4 !
in ,§ Direct | Reversed | in,| Direct | Reversed :
1 Read. |Inc. ReadJInc,Lotaﬂ ?1000 Read. Inc.| Read,' Inc,
‘ B
7 >y
- ﬁ
| 1T | | 4
| 121 114 _* o 50_| 58
l 15 7.21 o an | 15 ;3\).50 i 30,62
D ; i
: -1 r—ll ;T“ ﬁl h
| 4l i i
: I M
1113 i | 50 40 i
1 J i
N A - : 99 OO f:: i
| ! o7l 467 |2otall 00 78 |178 i
i T - i -
IStregs 33.44 x 467 = 410960 | 'StreSFqLu44 X 178 = +4170 |
pomapes | Reme |

e e

- ¥ g
N.B. Stress given is for load of 15000,



wQOD BLOCKS

W N ii S
o !I("““"”\
Location No. 1 5 7 6 8
et Sl mTaL o mmmeo e —_—— e === = |
!‘Load O - S ' lload ! 6 o
L Ano  Direct | reversed ~ |.im .t pirect _ ! Reversed ! ;
1,000 Read., Inc.iRead. Iz Total §¢‘0~ Read. chq?ead.rlnc. :
Fz 4.00 | + | 7.00| + + 3 . ol 00 __+ | 30.0Q + o
! -t o L -
T T s — -
- : 4 T 5 -
: | 43 41 o 52 | 33
15 3.57 . iv7.41, | _ ' |15 30,68 50,33
: AU SRS SR R | | L]
11 B : - o |
7T T °~T % ' L7 ; . E é ;s
- i 41 | | 40 Lo ; 32 3 '
| 130,98, 7,011 .+ 3 131.00 | 30,00 !
{f"ota';LL 84 | 8l “165 . Qotal] i 64 | 66 130
«Stres;zﬁﬁ 44 x 165 = +3870 H ;StreS% 2’§5-44 X 130 = +3050 i
' ! | E.om ide
ﬂRema?ks N :E 3‘1 \\\\\\ ﬂ
— e — am—— - ———— - — 'Zk
Load 7 ! | Load 8 L
in ,| Direct Reverscd ! 1 in,| Direct gReversed ;
1000°| Read. |Inc.| Read.Tnc.fotall 1107C TRead. inc., read.' Inc. !
== — | - -
Z 1 4.00 ! + . 6,00 + ! + | . T [34.00 i+ 32.00, + +
N i !
..7 ; ! 7 1
t M 3T"‘ -T -
; ! M - —
11 | 11
a | 28 38 i 30 40
15 | .72 6.38 15 133.70 52.40 |
; ' i i ! a
II T ! 0
T
: i 28' 140 |
i i g 155 98 +=r 132,00 | |
Tnotal ‘”otali ' | 80 ;
:,Stre;!fs C33.44 x 127 =  +2970 : ‘Stresfs 2‘&3.44 X 138 = *3240 |
i 1 : ‘ |
l{m’mallks _ _| ifemerESrotal stress = +12900 Jvs.

- 2
N.B. Stress given is for load of 15000,



Location No. 8

nable

WO0D BLOCKS

| SN2
S ‘% N
;-__,Jll(_i_ﬁ

—r—— - Cimasnas s ama o isemee —

——

: ; - . oy 1
'{Load 1 i lzoaa | 2 _ !

in i Direct , reversed | o y.in 4t tirect | Reversed !
1000 Read.| Inc.;Read. Inc.|Total glLOQ@MRead,1InC¢Read.T1nc.
l—2 130.00| + | 27.00 + 3 114,00~ + |18.00{ + | +

B : 4
7 T A
_...1,..4 “_’3

1T ¢
f b
} 55 39 |
|15 .29.45 127.39, !
: R 1
I } )

KA L
| 1 54 |39
8 129,99 | 27.00]
[Total; 09 T

781187

Stress 15-44 x 187 = +4380

|

+12900

Remarks

e =t o

|
,charts ﬂ
] ‘
e J — ,
Load S Load 4 77
in , Direct Reversged f 13; Direct | Reversed 1
| ?100 rRead. ‘Inc.| Read.! Inc, i
| i .+ 116,00 +] + |
7
. 4
11
o9 | . 40
119 17.47 16440
b i_ ;
111 ! ' L
. : 3
* + 4
g7 e i
| | 53 ! 38 l

4.8 E8.oo‘ _116.02
Potall {106’ |78 184

. .
N, B. Stress given is for load of 15000,

;.Remar'ts

Stress 23.44 x 184 = +4320

e oo e,




wood Blocks

—

f t
i
E i w 5
S [ N
| LOCATICN NO. 8 e - e
F:.."""""L " LI I el ——— e T T — R = ““
I zosa | 5 - Mroaa ! 6 .
o in u  Direct | reversed | Loy in .t pirect ! Reversed |
_1000" "Read. | Tnc. Read. inc.|Total i O0t Read, Inc4Read. ;Inc,
l—2 [29.00| + 129,09 « | + i 5 115.00 + [19.00| +[ +
i ' i

L - ! 7 - -+
L B N T s
[ 11 q S I |
! " 26 | 40 o 16 50
15 . 29.26 28,60, 218 15.16 18,70
| : e L L — ' :
1L : | S ! |
. i -t i T ' 3

(A I T S . ;
—t za 1381 1 . 20
g 5 2,9’02 - .28 B-—T%-azﬁ ;
[Totall 1501 |78 f128

T,

I
|

TR
|gtreds A3.44 x 101 = +2370 |
|

{ﬁama ks

:

3

|
e8]
Oﬁ,
- N
00

b : o
iStress23.44 x 128 = 43000 ; }a 93.44 x 89 = +2090
Remarks | gponar%s
Load 7__ I Load 8 F
in ,| Direct | Reversed | in| Direct | Reversed :
- Read.‘lnc, Read.lTne.f; ?100@ Read. Ince.| Read,; Incq i
3 120,00 )t _231.00| +_ o © J16.00, *+ 14,00 *+ 1 +
4 | - - t
11 ‘tli - J
19 39 - 26 | 43 K
; | =
I IT Woixx U 5 L
SR A d t ‘ 5!
I ! 7 ; i
| 17 52 | | 26 | 43 |
3 130,02 29 4#_31~F48m29
- Rotall {

+5240

o ————

. o
N.,B. Stress given ie for load of 1B0OC,

| :
r emaﬁ:sTotal stress = +13200 1lus.
D X3 — > I N




WCOD BLOGKS

SRR \ { A
L
Location No. 9
o e D e e el ST T e — - — e = —— :—;:‘“”—-_‘ﬂ .
WLoad | ] 1 %JOQdT 2 R
+oinal  Direct AErevprseg“ |10 i pirect TReversed
?;}900 Read. ! Inc.iRed, Ipc.motsl iJ”((: Desd, 'Inu 383a-+;4v-
T + e 7
¢ [ 28.09 ~ ]30.00 - & - f’ 3 15.00 - 18.00[ = | -
1 7 S :
| B I S e R —
i | | T -
| | 53 HED R 149 129
15 27,47 i30.28, . ' 15 13.51  [19.29
i RS T S - i | :
11 ; % | Co[11 ‘ i % |
' ‘. ' ; b : ; ‘
7 - I . !
53 | 28! L 129 | 4_129
l——ﬁg.z 80,001 | i’ 115,001 _ 118.00.
.I.Ota “'"106 56 |162 '| :po*al: 298 £58 1556
7 i Q% I
Stress 83.44 x 162 = =3800 hooetre 3.44 x 556 = -13000
h 1( :,L .:..
"Remarks -*—m_-wm‘“J' :Ei-ﬁuTo
Load S A? I Zoad : : !
1ﬁ’q Dlre“t | oversed i 1 in Tirect [ Reversed i
110007 Reai, LT !?eddﬁjac,Totaﬂ 1877 "Read. Inc,| Read. ' Inc. 3
%2 | 28,00 = +31.0d - | -_ |l /% [18.00, 18.00/ -~ |-
! K i | i
- i : _
SR s / v | !
7 bt I
I | ;
| i 50 ! 26
1o .17, 50 ' 18.26!! '
i) |
Tl T
1 i ! ?
o7 . .
L 1 50 ! 26 |
o ’ Z ﬁ
Total 300 _| 256l 556 'i‘otaxg _ ';I.OO |52 [182 |
i‘ 4 3 o i
Stressz&é 44 x 556 = =13000 | xb'“e% §3.44 x 152 -3560
|wmanks ; 'F.ef'_'ﬂ{sﬂ o .

R

-re e

’ J
Stress given is for load of 15007,

—



WOOD BLOCKS table

RS
SR AaN
BE W
t
[
4 (1 A 13 i\‘; P A I
L4 A Y e ) ~Y M atiimiaN

V)]

Ped_ T
6~—l
oS,

yall
Location No. 9 5
| zoaa | <_.....~__5%_ ‘.—:ﬁ__ﬂ*J [1oaa ! 6 m_», ,j
PoAn Al Direct | reversed bodloam 0 1irect | Deversed | ‘
1000 MRead.Tinc, Be 2, 1rc.lnotal ?L-“~', Pend,  Inu4Read. Inc.
z | 29.00 - 126.00 - - 5 720,00 - [16.00| - |-
i 7 ‘ % ! S|
i N ] i ! | B i
!! 1 “@N—'i a H | !
R N N S S S
! | 16 | 40 . 20 38
15 .29.16 ;2560 .~ |15 20.20 15.62
i1 R S N ) T .
' i no i
7 o I B
16 20y f 20 38 .
—_— —— p—— ! 1
26,000 _ [ __ .3 ]20.00] | 16.00 !

= > e ! - T .
[To al{ - 32 | 801127 iRotall 40 76| 116,
.streas %35.44 x 112 §SL~%5 135 44 x 116 = =2720

i -———
i

”Remarxs

n
1
0o
(o]
W\
(®)

———— s —

1[: e
i1 Load 8
in,| Tirect 1| Reversed |
8 W Tata il S ' i
167 Zoan. Inc,| rRead,  Inc, !
% 113,00 -_|19.00] - | -
| ! ‘
N7 AL -
T F
P11 ! .
137 ! | 16 ! 38 ‘
127,63 - S0 13.16 . 18.62] E
: i L ;
2
' — 1 i
i i ‘: '.! 7 ! 5 - i
BEVE I 16 138 |
] i Z] ! n
1 28, O [

I74: G.lz : ‘O uaﬂ '32 76 108 '

1
i

; A R 3 1
iStress $3.44 x 112 = -2630 | [Stress “%5.44 x 108 = -2530 |

E:’”ar?ks ! !,__Pemm Total stress = -16350 lbs.

S ————— - o—

- c——— e ———

Jl
T.2. Stress given is for load of 15007,

~'® —~ @



WOOD BLOCKS malble

Location No. 16 e
%"'._._.____. STl I T e e _“..__._-"—':."' - —_ - = ~ e “:;::"""""-t_ B
HLoaa | 1 " sona | 2_ e
toin Di_rect-hiwie_virﬁch b an T Lirect i3 sed
1000" Mreqq, Inc.iRcd, fﬁcal"o’fal’ § RO TS e I’" i~e%a. .I"lu.
= S e T 3 =
£ | 4.00{ - 16,00 ,- - . | 3 /33,00 - 34.00, - | -
! j,__ ; ; 6 | - ! 2
|7 | ) | o i ; !
. v T e T
1T . _ LI T ' B
s e A L ‘
. 47 ! 35 . 136 125
15 . 4,47 5L55f_._*____ |15 . 34,36 32,75
‘ JE S SO S A | ' ;
11 ; oo 1r L t |
! 4L | | :
7 i 7 — 3
; 47 '35 P K L 136 1125

|
i | BECES |
.3 . 400, 6,00 | | . i |33.00!  34.00 |
[Total Toq 70 _j16 | iRotall 27 2501522
:Stressgz 44 x 164 = -3850 ;{ letrost ‘%3 44 x 522 = -12200 |
i L e -
i { e e~
llRema.r‘Ks o -_.,__i! Eiﬁ 423
' - —— = o— - ._‘:‘..--._._L {._:__ —— i
Load | S | Toad 4 !
in ,| Direzt Zoversed in,| nirect | Reversed |
5;1000:'2 Rgad, !Tiz. Daod, ]ch '_":c:ta]! }_E’_i fcar* Ino,' Read, | Iv?{.c:1 .
5 _16.00 [ - 7.00; -4 =) j_< |82.00 - |32.00 - | - °
! ) i [ i
7 7 i |
i - | S I |
% ; 132 122 | | L 50 | 28
156 | 7.32 5,78 n 19 32.50 3172
+ T . T \ 1
: I i ' L i -
I | | P11 ,F ' .
| (A S S i
| 50| | 28 i
% | i

F=—~ﬁ=§2?§¥l£:::%éé&ggz+===a==#:;
Totall 100 56 1156

! ! 5 . A
4stresszx3.44 X 508 =-11900 f gttreas‘§5,44 X 156

i
!

n
I
W\
(0]
»
o

‘ : ' i
nRemanks | h?emarks

i Jl
.3, Stress given is for load of 15007,



#0M BLOCKS

.
o
W il
i_,,___.% NG ll
Location No. 16 N s——
5 75 2
[ttt iy T DT LTl mmmmm i ~._.: —_— . e e . e e e eamnien .__:'.i .
| Loaa 5 I fronal 6 S
c_in g Der“t ’relifi?i“ ] :ﬁlﬁzﬁlbgirovt. ?Peveyged : :
L eoc Pead.!fnc iRG G, Inc, ofgg § 'L“Ogrveak, glnoﬁPead. Inc.,
{’ ¢ | 7.00l - 6.00 - L {5 52,00 = [31.00 = | - .
T I ! I | |
; . S S— I —
i TT ! T T T !
h : ﬁ* -+ B s
§ . 27 139 I . L 23 | 38
I_15  6.75 ‘6,39 e A5 3LyB__ Bl.38 |
! IR T 1 L L] ; ;
11 | i e ‘ ' § i
7 o T [ | o
27 | 139 | I } 23 38 ;
L3 7.00 16,00 | | _ ;L_gh_jsz.oq;A 31.00 g
]lotaL 54 | Ins 1132 o nobal 10 i 46 76 1122
‘S*reSS &5 44 x 132 = -3100 f .Stresp"¥5.44 x 122 = -2850 |
n ¥ ;»ﬁ N “r';'
“Remaffg ~—-—~~«--1 fff:?"%o ﬂ «J
T T T T 1ok 3 |
| !} Load ;
ngd Direct Zeverscd ! in, | Tirect | Reversed |
N/ -3 — N e pe
10007 Qeai,;T* } 1 Send Tac. potad i&i_,_ Rean. Inc.i Read,' Inc, ]
. & A ‘
3 'L 4,00 |~ - )} 0 C 134,00.=_133.00 = | o |
4.'.@——?—-—- ‘l .....T, _i,. 1 4 F ]i
. I : ! 17 i ’
7 b - .
1 T ; 11 L
; | 24 59 ! 14 | 37 %
15 13,76 4.39 4 L _33.86 . 33.37 g
3 1 ’ | ! ’ |
TT : P11 i |
= L i X
I T A ! -
39 |l 14 57 !
! L% 184,00 | -

StressC §3.44 x 122

= fi

-2850

e

Totall

33,000 |
| 72 11

@)
O

1

Str6582$3.44 x 102 = -2380

i

I ) 'Pemqr%s Total =
jEomanrs | |emAS Total stress -

: 4l
T.B, Stress given is for load of 15000,

|
~15,900! 1bs




nable

CEIUENT BLOCEK3

A M
!
8

LOCATION NO.

...._-__ —— - S - e ol

’[ Load | 1 resal__ 2 N
Elénr ‘L ;Dlre("t ] I‘e\fptid ! ian s vauvt ' T\e'V""’;[ sed
- 1000" a4, fIno Reed Q;anﬁ 0Tal - LLO0 f%;:EA Iﬁb 3é°a '1nvf
N2 11800 + |20.00_ + ;. =+ 3 31 00+ 131.00, +| +
; i : ‘o , '
| l ! > T ‘
J 7 e *f L _L Ll L [ | |
i " + , A_‘ll_’ l ' ’ ' l
TT ; : SR | I S A ﬁ
E i -!—--——-«-——-—-——-—-—a-—'- - l J;
} €5 : L . 253 .187 |
19 17,55 20,08, . 1. ' |15 2847 32,87 ﬁ
: B S 1 ! é
11 { R | i |
N W _ L
7 . | i i 7 . | i

187

= —o&—'—-

!

Elotag> __'1z30i Tis 146 o 1! 506/ 374 ] 880}
.,stress 23.44 x 146 =+3400 1 NN - ;
Remarks IEESYeets Bt l
1 I _ |
- S B T a

Load . j w 0.y 4 :
in 4 Dirgjt ‘"“!HCvézfcd | i in,| Tirect [ Rararsed f
15007, Read,itt:.;ieaﬂﬁjﬂc,Tctaﬂ }lcgﬁ' Réada Tnc.j read, ' Inc. .
et = == : — 3

Lo+l % 130,00 + |29,00 + | & |

| 3 118,00, ¢+ 19,0Q +_.

1 ; {

N . o7 f i
—_—. - e e [ —— IL ————

| : : .
i " 4 - - |
IE) T 11 | i

= i . '

! ! } 4 - ‘
IR F" ] 3 N T :

; - | T ! ;

i o7 i i

.82 | | P77 6 N

- - ; !

e Qe )| - ’*;F;f',‘§Q%_-L“,=+g§§;£;=agﬁ=ﬁga;

‘Dotal 500 | 564 [g64 | [otal o T 108

Stress23.44 x 864 = 420,300 | |ctress 23.44 X166 = +3900l

ﬁRemanks | JRemarks i

= | 3L~--~--~‘-—--.—-.... e e e — —‘:

’ H
*.B. Stress given is for load of 1500C,



CELENT BLOCKS mable

i
/x/ﬂ//Y/X?l\\\x\ %;
E ' W S i ' 4 N
$—t — :-\-—-—i:-—-—f————-\«\ i : i
L L
5}

LOCATION NO. 8

o oLl LDl IT I mmim i e ..._-_..., == . . . I :—-":'”‘""""'“"*"----“..
KLoad - S, «n*_uﬁw““__J. 1 1o0ad | 6 I
toA0#  Direct | reversed | bl pirect | Reversed |
1000 Read.j;gg,“?e“doiIﬁc‘To+cll !-“O“;“ggaa, Incg,read, Inc.

£ 120,00 ~ 19,00 + | + . 4 3 30,00 - | 28.00 + | =

B — ] 7 '

; 7 e : L i | L '
' 1 L LI DO

I — e A

S RV e | S ot ,

' . 18 {44 | : | 37 28 |
! . | i - — | T
15 = 19.82 . 18.56 . . 15 20,63  _27.72 |

pr—— ——

18 7 N R 37 . 1 28
2 ____.19.00 | 1 i_© 150,00 . 28.00]
36 . j

L2 { 20,00
[Total,
o

- 88 ] 52" fotal 74 56| 18
! ; Lo , i
iStress 23.44 x 52 = +1200 j ‘r;}esg 25.44 x 18 = -400 i

o
H
|

&Rema#ks

!
!
]

)
|
i

Loadi o b {-Logg B 8 L
in ,| Dire-t 2overseod ! in, | Tirecht | Reversed i
;lﬁC[ﬁiRead,jliz !§g9aﬁjﬂgfggtaﬂ ?quf' Rond, fno,| Read, Tnc, :
3 18.004;‘- 17. Oq +—IL—— t-., ' ::____ 26..00 L - 28000 + + j
; ! | ;
+ + ! 5 L |
S N ;
:rll - } E !
[ 20 ey
15 25,80 [ 27,49 ;

i i )

P11

'
!
—
i
|
i

b— - — - 4.

49 |

! i 20 !
! 7z , { g
el 26000 | {20001
. [Rotall ' 40 98| 58

"

|stress 23.44 x 58 =  +1400 !

: { ;
|zemars | Je™IES Total | stress = +13,600 1bs

’ J
%.B. Stress given is for load of 1500C,



CELD

sNT BLOCKS

- ——

froaa | __— 1 T 1o ! e
: 1n-#___D129§ﬁ.4~£9;:c:yd? LBl iarest | Zeversed
.]._COO Read.! inc. 2ord, f‘C-| a7 1 ,} 200G — ey T IQJ,':DG‘ECL ne,
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_ﬂfg__*§14go

|Zotal

8 !

1400

18:‘: EiT : ! ,.
i i Stress 25.44 x 118 =  -2750 | Et sk 23.44 x 732 = -17100 |
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90CT Read, | Tno ;1‘.@().5!..,’3:'.\”,?‘31;3]! CLT T R3aR. Tnc. Read.  Tno. ;
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’ Jt
.3, Stress given 'is for load of 15007,
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.8, Stress given is for load of 15000,
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; ' % 360 1322 682{
: ! !
iStress 23,44 x 172 = =4050 Stresp 25.44 x 682 = -16000 |
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N,B. Stress given is for load of 15000,
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"Load - _-..m“~§#____“___«ﬁ - llLoad | 5 . !
TooAdfil Direct | reversed, 1| 0. zirogt | =2everged
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' e
1.2, Stress given is for load of 15000,
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.8, Stress given is for load of 15C0C,
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' A
gtress given is for load of 15000,
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.8, Stress given is for load of 15000,
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C.G. LINES FILLER AND CLAMP
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Stress given is for load of 15000,
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¥.2. Stress given is for load of 15007,
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Stress given is for load of 150005
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“.B. Stress given is for load of 15007,
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