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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 ~rimary 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 tl1orough method for the determination 

of the stresses actually existing in a structure. The engi­

neering professio~ 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 - n1'1hat Stresses arise in the members of a 
"'-

bridge truss owing to the fact that the angles 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-

sity of Munich, 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 Van Abo presented 

to the Committee on Graduate Studies of McGill University­

a thesis "Secondary Stre·sses in Bridges", for the degree of 

2. 

Doctor of Philosophy. This paper was presented to the American 
\ 

Society 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 (!926). It presents all the known methods of 

Secondary Stress determination, demonstrating them with the 

solution of a problem by all the methodsi 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 or the 

problem, ·there has been considerable vtork done which was of 

a practical nature. Manderla's experiments on the Waltenhofen 

Bridge were among, if not, tlle first. Engineers appreciated 

the importance of the problem and since the time when Manderla 
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conducted his early experiments tl1ere has been much 

valuable information obtained from experiments in Europe 

anci America. 

or 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 Commdttee on Graduate Studies of McGill Universi~y, 

a Thesis "Secondary Stresses in a Roof Truss having 

Unsymmetrical Members". The author,in his investigation, 

obtained much valuable 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 or 
support, and to study the effect of certain minor changes in 

detail which, it was hoped, would give a more desirable dis­

tribution of stress in the members. The truss to be used 

"'s .Jib~ _.~ame as had:-be~n use_d by Campbell in 1925-26. 

Campbell concluded from his test results that the 

forces in members meeting at a joint acted along the centres 

or gravity of the members rather than along the rivet lines, 

as was generally considered. It was the intention of the 

writer to verity this conclusion by further extensometer 

measurements. 

In order to get some test results where the condi­

tions of test more nearly approximated the conditions actuall7 



met with in practice, it was proposed tl1at tests be carl~ied 

on Vli th the truss carried by flat supports• 'Mod blocks 

4. 

and concrete blocks were to be ~jsed. These flat supports would 

give a more or less fixed condition of support, rather than 

having the joint free to rotate,as lt is wl1en suppoT'ted at 

a point. The fixity would not be absolute due to the elas­

ticity of the supports; any slight rotation of the joint was 

to be measured by sensitive levels. 

'.7hen a double angle member is ri vetted to a gusset 

plate between the angles, the two an~les are eccentricall;r 

loaded. They are not absolutely fixed in a plane no-rrnal to 

the plane of the gusset plate, and consequently there is oend-

ing in this plane which causes an uneven distribution of 
\ 

stress over the cross-section of the mer~ber. It was hoped 

that by introducing one additional stitch rivet near the edge 

of the ~usset plate, the fixity of the angles would be increased, 

consequently, the bending would be reduced and a more desirable 

distribution of stress woulo result. It was propos~d that 

tests be carried on with, and without, the additional rivet 

to determine its effectiveness in reducing the ~econdary 

Stresses in the member. 

Some welded connections were used and it was hoped 

~~at some information would be obtained concernin~ the rela-

tive values of r1vet1ed and welded joints. 



THEORY OF SECO!fJAlT''- STRESSES 

The methods of analysis nsed in deterraining tl1e 

so-called "prima1")y stresses 11 are based on several assuinptions, 

viz:-

1. 'fl1at the members are connected at the joints by 

frictionless pins; thus no resistance is offered to a change 

of angle between any t':\ro men1bers meetl.'1['; at a joint. 

2. That the gravity axes ~f all 1nernbers meeting at a 

joint meet at one point - ti.1e centre of the pin. 

3. That loads are applied to the structu1~e only at 

tl1e joints. 

4. That all members are straight. 

The primary stress in any member will, determined in 

this way, be pure tension or co1npresDion. There \Vill be a 

uniform distribution of stress over the entire cross-section 

of tr1e membe1•. 

In practice these ideal conditions are not realized. 

~en the members at a joint are con~ected 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 tr1e angles between the1n rema.in constant. Even where 

provided, pin-joints are not frictionless, as assu1ned 1 but 

offer resistance to any chRnge of angle between the members. 

To facilitate fabrication it is ofte11 desirable not to have 

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

!ng at one point. Me1nbers, other than vertical ones, mu.st 

always act as beams in supporting their own weight qnd, quite 
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often, loads are applied to members between the joints. Mem-

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 lmown as "Secondary Stresses". 

rrofessor Turneaure states that, ttrt is generally 

possible and suf'ficient to so design a st1•ucture a.s to keep 

tl1ese stresses within low limits, and tnen to neglect the1n 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 

members 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 f'or1nulae for 

moments and shears in beams v1i th fixed ends, whereas the prob-

lem of calculating the stresses caused by rigidity of joints 

and eccentric joint details is more troublesome. 

Method of Determining ~econdary ~tresses: 

There have been several methods developed for tae 

determination of secondary stresl3es. A paper "Secondary 

Stresses in Bridges 11 by Gecil Vivian Von Abo, with discusslon 

by many of the leadin~ engineers on this continent, was reprinted 

from the transactions of the J~erican Society of Civil Engi­

neers, Vol. 89, p.l (1926 ). 1_.C111is pn.per. presents, in excellent 

form, all the knovtn methods of secouuary stress determination. 
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Judging from the discussion the Manderla-~'linkler method and 

Mohr 1s method are the most commonly used. The former is a 

purely analytical solu.tion, while the latter is semi-graphical. 

The method of Secondary Stress calculation, which 

will be presented here is that of 1Ianderla with modirications 

by Winkler. with 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 tr1ese 

deformations would, in general, cause chan~es in the aneles 
\ 

betv1een the members at tne joints. Consider the truss ~ 

in Fig. I, rlate 6, suppose the nature of the s~resses to be 

as indicated by the sl~ns. The full lines show the position 

of the unloaded truss: after loading,the truss will deflect 

to the position as shown by tl:e dotted lines. 'The deformations 

are, of course, shown greatly exaggei·a-Ged. In the triangle 

abc, the mernber .! c will be shortened and the n1ernbers a b 

and b c will be lengthened. This will cause a decrease in 

ti:l.e an~le at b and an increase or· decrease in tl1e an:~les at 

~ and £1 depending upon the relative changes in len~th of 

a b and b c. If the changes in lengths of these members are 

lmown, it is possible to calculate w:hat the changes in the 

several angles will be. Similarly for the other angles, it 

is evident that if the chRnges ln lengths of all the members 
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are known, the changes in all the an~les can be deterrnined. 

Consider tl1e conditions when the members are rigidly 

connected at the joints by means of gusset plates and the 

angles between them re1nain cons tn.nt. The lengths of tl1e rnem­

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 diagrarnatically in Fig. 2, ~late 6, producing bending 

mo1nents in tl1e members. These moments will be a rnaximum 

near t11e joints. 

In Fig. 2, let ~, B and C represent the original 

positions of the three joints, and ~1 , sl, and cl, the posi-

tions after the members are stressed. Let A, B, and C 

represent the original angles 4 .n., AB~ and ~C represent the 

changes that would take place in these an~les if the members 

were free to turn at the joints. (rhe angles between tl1e dotted 

straight lines joining ~1 , B1 and c1 , will then beequal to 

~ + Ll~i, B + AB, and C + ~c, respectively. In proceeding 

with a solution of the problsm, tl1e chan~es of angle A li, 

.AB and AC are first found from the lmown chRnges in lengths 

of the sides of the triangle due to the axial stresses. From 

these changes in angle the bending moments in the 1nembers are 

then calcul~ted. '.rhe process requires tl1e simultaneous con­

sideration of all the members and an~les of the truss. It 

is,therefore, somewhat tedious, altl1ough si1nple in applica­

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

well systematized. 
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Calculation of the.A Angles. 

Calculation of the cl1anges in angle in any tl~iangular 

element of a truss in terms of the changes in the lengths of 

the members: 

Let .tiBC shown in Fig.3, .a:late 6, be t."'rle original 

form of any triangular element of a truss, and let .til Bl cl, 

Fig. 4, represent the form of the same truss after the changes 

in lengths of the men1bers. Designate the me1nbers as a, b, 

and c and the angles as fi, B, and C as shown and let -

~l' ~2 and~ = stress intensity in each member 

a, b and c = lengtll of eacl1 member 

E = modulus of el~sticity. 

\ .H.f'ter deformation the lengtll3 of the members with 

be, a + Aa, b + ~b, and c + Ac, respectively, wl1ere ~ 'l 1 

~b, and L).C are the changes in lenr;ths of the membel~s. The 

cl1a.nge in length of any 1nember is readily dete1•.nined from 

the stress intensity, length, and modQlus of elasticity. 

Ll a = 
s 1 a 

E 

The changes in A.n.~le A rt 1 AB and L).C, can be deter-

mined front their geometric relations to the ori~inal nngles, 

the ori<~inal length of tl1e mer:1bers, and the changes in 

lengths of the members. 

Consider the trian~le of ~BC: 

a = sin .ti: 
--,:) sin B 

a= b sin .ti 
sinB 

si nB ;a b sin fi 

e. 
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Consider the triangle Al Bl cl. 

a +A a = sin ( .H. +;; ~l sin B. cos b B. + cos .n. sin~.n 
f b +Ab sin ( B + B) sin B cos pB + cos B sinPB 

For angles a3 small as b.H. and ,AB, the1•e is no appreciable 

error in considering the sine of the angle equal to the angle 

and the cosine of the angle equal to unity, he:r1ce 

a +.A a 
b +Ab 

= sin a + ~A cos .l1. 

sin B + 4 B cos B 

Cross-nlul tiplying and omitting terms containing the product 

of two of .6.n, ~B, 6a, .6b, since tr1ese are so small in 

comparison with the other quantities:-

asin B +a ~B cos B +~a sin B = b sin A+ b~.H. cos 

+ b sin A ••••••••••••••••••••••••• •• (.l1.) 

Substitute a ~ b s~n ~ and sin B = b sin ~ in (a) 
sin B a 

b AB cot B sin li. ... ~ b sin .n ::: 
a 

Divide by b sin .n.: 

.bB cot B .A a +-a = ~A 

~li cot ~a ,bb + .H. ~---
a b 

~imilarly: 

~ c cot C = A c _ 
c 

~b 
b 

b.Aa cos fi + 4b sir~ .t1. 

cot }\. + 
~b 

b 

~B cot B ............... ( 1 ) 

+ bB cot B •..•••..••.•• ( 2) 

b .H. + bB+ ~G = 0 . ~B = -(h. A + .D.cj • 

¥- Ab 
cot B -A C cot Substltute ~.H. cot }\. .. -,-- -Art B 

AB=-(Afi~AC 
be Ac -~ - Au cot B - ~G cot B 1/7 t I) o/Jq'Z) cot C = - c b 

~.,.(cot .H. + cot B) + ~c cot B • ¥- Aob .•.....•••••• (1 Jl 

bC(cot c +cot B)+ .t1,a cot B =~ c 
Ab 

b ••••••••••••• ( 2 ) 1 



E -liminating ~c. 

(lJ1 x(cot C +cot B) 

// 

~rt(cot a + cot B) (cot 0 + cot B) + ~C cot B (cot C + cot B) 

= f ~a - kf, b ~ (cot C + cot B) 

(2)1 x cot B 

,ll A cot B + P C cot B (cot c + cot B) =(A/ -
Subtracting: 

./)..,. (:ot A cot G + cot B cot C + cot fi 

= cot c(~a- ~b)+ cot Bf¥- fc) 

6b) b cot B. 

cot fl = 

• • • • • • • • ( 3 J 

Since wl1en ( 11 + B + C) .. 180° the expression cot n. cot C + 

cot B cot C +cot A cot B equ:~ls unity, equation (3) reduces 

to: 

C(~aa _ Abb) 
A = cot 

' 

+ cot B ( 1a - ~c) 

.oa 
a 

= 

E ~R.a cot C(s1 - s2) +cot B (s1 - s 2 ) ••...... (4) 

Similarly: 

E ~B =cot C( s 2 - s 1 ) +cot A (s2 - s 3 ) ••••••• (5J 

E ~C= cot n(s3 - s 2 ) +cot B (s
3

- s
1

J •••••••• (6) 

Deflection 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 is necessary to have a convention as to the sign 

of tr.a.e moments in the members. Gonsi der the ( T) o.nt7,le s 
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shown in Fig. 5, ~late 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 (TJ angle of any member in terms of the (TJ 

angle of any selected member and the (~) 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 or the tru~s, as the OTJ 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 or ~£e joint, 

and the ~ angles at the joint. Fig. 6 shows the relation 

between these angles: 
-,..n, 

Tnm 11 Tn\+~ 
I 

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. 

V = V = Ml + M2 
1 2 :t 

M(x) = M1 - V1x + Ty 

The term Ty may be omitted since the deflection y is small. 

Exact solutions, including the Ty term, have been derived, 

but are not generally used. 

"d 
M -El dx2~ (xJ= 

-El ~ 
dx 

-El y 

= 

• 

• 

M1 - v1x 

M1x -
vl x2 

+ cl 2 

M x2 
1~ 

V x3 
1 + clx + ~2 • o] 
6 Wh~n X •0# tj:o 



2 
vl£. 3 x=i i•itll 

+ c .j when = 0 
J.l.o. 

y 0 = - 2 6 1 -

cl = v, 12 !!Ll 
6 2 

When x = 0 , gz = -L.Cl = Tl2 
dx El 

T12 = 1 [M2!- v1Jj = l ~r~i (Ml ; Hzlg n-·. EI 
L---

T12 = ~ [2M1 Mz] ( 1 ) . . . . . . . . . . . . . . . . . . . 
6.El 

Si1nilarly 
T21 = 

~ 
6 El 

. . . . . . . . . . . . . . . . . . . . . ( 2) 

~ 
6 El 

adding,-
2Tl2 

~ (3M
1

) + rr = 
21 6.El 

~ = 2El [2Tl2 + T21] ••••••••••••••••••••• ( 3 ) 
7 

Equation (3) expresses the moment in a mem"Jer at a joint in 

terms of the T an~les of the member. 11.t any joint the 

summation of moments must equalAzero if the ~ravlty axes of all 

the members meet at one point, or must equal the S1ULlLLn tion of 

the axial stresses times their eccentricities if there aPe 

eccentric connections. 11.n equq tion can be forl.l~d for each 

joint, l1avlng as the unknown quanti ties the T angles of the 

members meeting at the joint. Since all the T angles of 

the members can be expr•essed ln te1"Jnls of the T Rngles of the 

joints and the~ angles of the truss(the ~ an~les may be 

computed fro111 equations (4), (5) and (6) ) 1 the numbe1• 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 ~s 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 thio table 

the T angles of all the members are expressed in terms of 

the T angles of ~l1e joi ... 1-vs. 

Equation at any joint (n) 

Moment applied to the joint by any member: 

M = 7 [2Tnm + Tnm] 

Total moment applied to joint by 1nembers: 

M (members) = ;;!_ z:- [ 2Tnm + Tmn] 

The total moment applied by the members must equal mir1us 

the externally applied moment. For a joint without eccen-

trj,c conn.ections, this external montent will equal zero. For 

a joint having eccentric connections its value can be deter-

mined from the forces and their eccentricities. 

For convenience the quantity} is represented by 

K and the equation for any joint takes the form:-
IYJ 

~!KE [2Tnm + T~"' -Me 

After the equations have been solved givin~ the T an~les 

for the joints, the T angles for all members are determined 



from the equation Tnm = Tnl Having the values 

of T for all mernbers the moment at either end of any me1nber 

can be computed by means of the equation 

Mnm = 2EK l2Trun + Tmn J 
From the Moment in the raember the fibre stress is determined 

by rneans of tl1c equation f • ~ whel~e:­
I 

f = fibre stress in lbs/in. 2 

M = Moment at section in inch-lbs. 

y = Distance in inches from neutral axis to fibre 
consid-ered. 

r= Moment of inercia 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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a.P-rARATUS USED 

The Truss 

T.he roof truss used in this investigation is shown 

in detail in ~late 5. This truss was donated to McGill Uni• 

versity~ for experimental purposes 1 by the Dominion Bridge 

Company of Lachine 1 and was used by Campbell in his work 

during 1925 and 1926. a few slight changes 1 however1 were 

made for this investigation. 

When the cast iron rockers, which were used in 

supporting the truss, were placed under the intersections of 

the gravity axes 1 it was found that they protuded somewhat 

beyond the sole plates. Therefore, in order that the truss 

might be supported at these points it was necessary to ex­

'end the sole plates. Two plates were obtained and_welded 

to the.original sole plates, as shown in rlate 3, extending 

4i inches beyond their ends. 

-lb.-

T.he 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 rivet~ing. ~ate 

2 shows clearly these welded-connections. 

at the upper end of the top chords, five rivet holes 

were punched, whereas only four were required. 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. 



T.he 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 

specimen1 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 rotation 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 or .001 inch caused a change in reading or ~ inch. 

T.his i inch on the scale is divided into ten divisions and 

in reading the cross-hair tenths of these smaller diviaions 

can be easily estimated. T.he 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 = 301 0001 000 a unit strain of .0000025 represents a 

stress ot 75 lba.jin2 • That is, with these instruments, 

provided that certain precautions are taken in their use 

the stress. in a specimen is measured to within 75 lbs./1n. 2 • 



:To ensure this accuracy it is necessary that certain pre­

cautions be taken in the use of the instruments. 

kny change in position of the telescope and scale 

between readings would cause a change· in reading on the 

scale which would be incorrectly considered as affected by 

a rotation of the mirror. For this reason the telescopes 

/8 .. 

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 in 

position and thUa one possibility of error would be eliminated. 

When the telescope and scale are corr.ectly placed 

with respect to the extensometer, the following conditions 

exist: 

T.he line of sight of the telescope is normal to the 

plane of the mirror. 

T.he plane of the scale is pRrallel to the plane of 

the mirror. 

An image of the scale appears in the telescope. 

T.he distance from the scale to the back of the mirror 

1s equal to the calibration distance of the extensoraeter. 

In this wo~, 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 or 

.001 inch caused a change in reading on the scale of iu. 
!h1a·eal1brat1on was obtained by setting up an extensometer 

in the Whitworth measuring machine and changing the length 

ot the teat specimen b7 .001". The distance trom the back 



of the mirror to ~he scale ·was then varied till ~his .001'' 

·strain caused t,P.e desired i" change in reading on the scale. 

IS. 

Since the dimensions of these extensometers are not 

exactly the same, their calibration distances will also 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 ensur·e 

a good bearing of the diamond-piece. T.he diamond-piece should 

be clamped firmly in position with its long axis normal to 

the distance-piece. 

T.he V-grooves which are cut in the distance pieces 

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 ot 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 or the strain. In this way 

the error, due to the rotation of the spe-cimen, appears twice 

and with opposite algebraic signa, and hence is eliminated. 
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The Loading Machine 

The Emer7 testing machine in the McGill University 

Testing Laboratory was used for loading the truss. T.his 

machine is very suitable tor work of this nature as the 

load is applied by hydraulic pressure and the vibration re­

duced to a mdnimum. 

Measurement of Stresses 

T.he location and magnitude of all observed stresses 

are shown in ilate a. 
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. 

A complete extensometer survey was made of the stress 

distribution in the members with bhe truss supported by 

cast-iron rockers placed under the intersections of the grav­

ity axes of the top and bottom chords. With this type of 

aupport the j.oints at the heel o·r the truss were not re-

~ strained in any wa7, but were free to rotate. B7 considering 

the forces in the members as acting along the gravity axes 
( 

it is seen that there was no eccentricity of forces at the 

heel of the truss. 

Further stress determinations were made with the 

truss suppo-rted by these same rockers placed with spans or 
·151 and 1-6 '. Using these methods of support,· there was no 

restraint at the joint but there was an eccentric1t7 of 

reaction. Tbe1e 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 

fqund 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 11 x 8" 

x 1'-6", white pine blocks vvere used. For the concrete 

supports 3 11 x 8" x 1'-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 eacentricity 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 1o•• of arc. 

For the purpose of measuring the deflection of the 

truss, small holes 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 

~eadings were taken with a telescope giving the deflection 

to ten-thousandths or an inch. 

21. 



. Tests were-~de· at locations 12 and 13 to determine the 

ef':rect of a stitch rivet close to the gusset -plate on the 

stress distribution in the members. T.he extra rivet holes, 

whi·ch were punched in the top chord, were used for this 

purpose. Fillers were driven between the angles in the 

top chords opposite these holes and turned bolts and nuts 

were used to hold· the angles together. 

OWing to the lack of facilities ror rivet11ng1 the 

desired stitch rivets were not put in, but bolts and fillers 

at locations 12 and 13, a filler and clamp at 9A, and fillers 

at locations 1 and B,were substituted. It was assumed that 

they would give condi t1ons analagous to tho·se obtained by 

the use of stitch rivets. 

In double angle compression members the angles tend 

to spread; the bolts and clamp would prevent this spread­

ing as woul·d stitch rivets. In tension members the tendency 

or the two angles is to pull together; the fillers at loca­

tions 1 and 8 would prevent this in much the same way as 

would the fill.ers used with stitch rivets. 

Conclusions were arrived at, as to the effect or 
stitch rivets, based on the results produced by the sub­

stitutes used since their effects were considered as anala-

gous. 

T.he stresses were measured at location 9A with, 

and without, the top chord clamped close to the gusset 

plate. These determination& were made under various 

22 . 



conditions or support: 

1. With C.I.rockers at the intersection of the gravity lines. 

2. With C.!.rockers with a 15' span. 

3. With wood block supports. 

T.he purpose of these tests was to determine the effect of 

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

that the 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 2~ 11 (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 or 

the angles. No clamp was used. These fillers were placed 

4~ 81 (the rivet pitch in the gusset plate) from the last 

rivet in the plate. 



Arrangement of' Extensometers 

In measuring the stresses, four extensometers 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 extensorueters 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 tixne 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 lbs. and then removed rather 

rapidly. T.he purpose of applying this preliminary load was 

to eliminate slight irregularities in the action of the 

instruments. Experience had shown that better and more 

acaurate results were obtained by so doing. Readings 

were then taken at loads of 3000 lbs, 7000 lbs, 11000 lbs. 

and 15000 lbs. and again at 11000 lbs., 7000 lbs. and 3000 

lba. as the load was removed. 

Hooke's law states that Stress = constant. 
Strain 

24. 



It 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 lbs. whether it be from 3000 lbs. to 

7000 lbs. or from 15000 lbs. to 11000 lbs. The 3000 lbs. 

readings would also be the same before and after the load 

was applied. 

\Vhen several tests were made it was seen that the 

material was behaving in the expected manner, the strains 

were practically the same for all 4000 lbs. intervals. 

After this was determined the intermediate readings sepved 

no useful purpose and were omitted in subsequent tests. 

To eliminate any error due to a rotation or bending 

25. 

of the specimen, the extensometers were also set up in the 

reversed positions. The average of the differences in 

readings caused by the 12000 lbs. increment of load (3000 lbs. 

to 15000 lbs. J with the extenso1neters 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 lbs. increments, it was thought 

that a still more accurate measure was obtained. 

all the measured stresses were deduced for a load 

of 15000 lbs. as follows:-

Total differences : 4 • mean average change in read­

ing caused by an increment of load of 12000 lbs. 



2.tS. 

Strain of 4 11 test specimen due to a load of 

15000 lbs. = i~ x ~ x Total Differences x .00001 11
• 

\-~_:·t UlfJil Strain ;= i~ x~ x ~ x Total Differences x • 00001. 

· I 2_ 1s 1 1 Stress ~n lbs. in. - 30,0001 000 x 12 x 4 x 4 x .00001 x 

Total D1fferences 

= 23.44 x ~otal Differences. 

It is doubtful whether the mean of the differences in 

readings caused by the increasing and decreasing 12000 lbs. 

increments of loads gives 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. 

~is 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 lbs. 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 cl1eck within .00003n 

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 or 



·12000 lbs. would be accurate to within 75 lbs. and as .. . 

, determined for the loa.d or 15000 lbs. would be ac_curate 

to within g x 75 = lOO lbs. (approx.). The stresses re­

corded in the tables or results are therefore reliable· only 

to the· nearest 100 lbs. 

T.he calibration distances for the extensometers 

were d~term1ned 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. 

T.he truss was aet up in the loading machine with 

the extensometers~ telescopes and scales in position. 

Readings were taken at loads of 3000 lbs.~ 7000 lbs. and 

11000 lba. but the load of 15000.lb•. was not reached as 

the top gusset plate buckled with the machine~ registering· 

a load of 13600 lbs. T.his failure was very unexpected as 

the truaa had been designed for· a load of 20000 lbs. 

Fortunatel7, none of the other members were destroyed 

and it was possible to repair the truss by removing the plate, 

replacing it by a slightly heavier one. As previously· 

stated the connections to this new plate were welded. This 

work--was done by t~e Welding Engineers Ltd., of Montreal. 
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After this failure_the leading machine was cali­

brated and was found to be registering the load incorrectly. 

·T.he load at which failure occurred was not 13600 lbs. as 
-l 

indicated by the machine, but approximately 35000 lbs. 

Before further tests were made the machine was ad-

juated ti~l theerror in registering the load was shown by 

calibration to be '.l-eas than 1%. another calibration was · 

made after the completion of the writer's tests which again 

showed the error to be less than 1%. 





Calculation of Secondary Stresses. 

T.he secondary 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 

Stresses". The stresses caused by the weights of the members 

are not considered since they are negligible in comparison 

with those caused by the rigidity of the joints and by the· 

eccentric forces at the joints. 

Table I, ~late 7, gives all the required information 

concerning the primary stresses in the members of the truss -

and the dimensions and make-up or these members. 

Table II gives the computatio~ of thepangles. 

~able III is an arrangement of the above data which 

is used in writing theequations for the T angles. 

1. Truss SUEEOrted bz C.I. rockers under the intersection 
ot the Gravity AXes. ; 

/ 

Formation or equations from Table III, J:'late 7. 

External moments at joints 1 and 4 • o. Equation at .loint 

.0716T1 + 82.8 

.0214T3 + 1031.4 

.Ol44T2 • 0 

1) .0716T1 + .Ol44T2 + .0214T3 .. - 1114.2 

2) .Ol44T1 + .0846T2 + .Ol35T:s + .Ol44T4 .. + 1915.4 

3) .0214!1 + .Ol35T2 + .0216T3 + .0216T4 . - 2411.5 

4) .Ol44T2 + .0216T3 + .0720T4 • + 652.7 

1 
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SOLUTION OF EQUaTIONS 

. ~-~ r i' I 

~quation '!*i Tc:t __ , .Tz T4 Absolute Term 
-- -

Cheak - . -· 

1 7._16 1.44 2.14 - 111.42 - 100.68 
716 21 2xi44····· 

. 716 
3x214····3' 
2' - 1 ••••• I 

3 I - 2 I ••• II 

3754: 
I X 4062 •••• !' 

lA ..,. 3754 4. f rz .A •••• 

144 
II + I 1 ••• III 

r• + 4' •••• rv 
5209 

7.16 42.06 6.71 7.16 +952.05 

7.16 -4.52 37.81 7.23 -807.00 

40.62 4.57 7.16 +1063.47 

III :X:3532••III' 

-37.54 31.10 .07 -1759.05 

1 37.54 4.22 6.62 + 982.50 

-37.54 ~6.31-187.80 -1702.00 

35.321 6.69 - 776.55 

-52.09 -181.18 - 719.50 

52.09 1 9.87 -1145.50 

-171.31 -1865.00 
I 

IV + III' •••• V 

Ve~lues ofl. 
1\ T,_ 1-s T+ 

-16.,~0 +27000-24000 +10900 

+1015.14 

- 750.28 

+1115. 82 

-1765.~2 

+1030.88 

-1983.65 

.• 734.54 

- 952.77 

:-1083.54 . 

-2036.31 

I 

Since the truss is symmetrical about the centre line, the stresses 

at one end only need be calculated. 

T23 • T32 • 0 

T13 • -131 800 

A~- + swa7s 
T12 = --=1o, g.zs 
T21 • 27#000 

(From symmetry) 

·_ -~1 = T34: + 2A r- • 24,000 

T.he aecondary stresses are determined from the T 

3tJ. 

angle• ~nd certain geometric properties of the members. In this 

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



or 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.!. rockers, 16' span. 

Distance from intersection to intersection of gravity 

axes • 16•-siu. 
Eccentricity or reaction at heel = 3.375" 

External moments at joings 1 and 4 = 7500 x 3.375 

= 25300 in.-lbs. 

T.he absolute terms in the equations for joints 1 and 4 are 

modified by this external moment. 

When the external moment M is in a counterclockv1ise 

direction the term to be added to the right side of the equation 

is + ~ ; or, when E has been omitted in the calculations 

+ !. In this problem the term to be added to the right side 
,2 

or the equation is + 
25~00 • 12650. 

(1) .0716Tl + .Ol44T2 + .0214T3 • -1114.2 + 12650 

Considering the truss as symmetrical about the vertical 

T23 • T32 = 0 

T3 +Af• T3~ • 0 1 T3 = -24,100 

T2 ·¥ .. T23 • O,T2 = +27,000 

(~) .0716T1 + .Ol44x27000 - .0214 x 24100 • +11536 

fl • +163.00. 

member 



!13 = +163,000 
..... 

.6ot· + 2,875 

Tl2 = +165,900 

T21 = + 27,000 

T31 = +· 24~100 

Owing to the simplicity of the truss this abbreviated solution 

for determining the T angles is possible. In the average 
,. 

problem it would, however, be necessary to solve simultaneous-

ly as many equations as there were joints of the truss. 

3. Truss supported by c.I. rockers, 15 1 span. 

Eccentricity of re~ction • 9.375" 

Moment at joint 1. • 9.375 x 7500 • 70300 inch-lbs. 

(1) .0716Tl +.0144T2 + .0214T3 •-1114.2 + 35,150 

4. 

• +27,000 

-24,100 

From (1) T = +477,000 1 

= 

-

+477,000 

+ 2,875 

+479,900 

+ 27,000 

+ 24,100 

Tru&a- 1tt orted on Concrete 
liD 

-- ' :t. ' ' ' --- t .. z, 

Blocks. 

~ ... -,_ 

--

i5IJI)'. 62. ~o.oq~' 

•. 

,, ---, * ··.,,"-......._ 

-. 

4 
1s-ob 
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T12 caused by 81! = 
.096 

.00968 radians. 2 = 99.4 
Rotation of 12 ·a.t joint 1 ;oJ.oo3185 radians . 

Rotation of 13 at joint 1 =~ .003665 radians 

Change of angle 213 = +.000480 radians 

In order to express these angles in the same units as have 

been used in the previous computations, they are multiplied 

by :so.ooo,ooo • 

. T12• +29040 + 95550 • +1241 600 

T13= +124,600 + 14,450 - (~= +2875) = +136,200 

T21 = +27,000 

'f31= +24,100 

~e following Table gives a summary of the T angles at both 

ends or members 1-2 and 1-3 with the variDus methods of 

support. 

~ 

CONDITION OF SUPt'ORT 

T 
C.I.rockers C.I.rockers H.I.rockers Concrete 
C.G. Lines 16 1 span 15 1 span Blocks 

1-2 -10,925 +165,900 +479,900 +124,600 ,. ______ 
~--------------- ~--------------~---------~--- ----------2-1 +27 .. 000 +27,000 +27 ,ooo. + 27,000 ·------ ~--------------- ~-------------- t--- ---------- ~- ----------1-3 •13,800 +163,000 +477,000 I +136,200 

~~-------- ~--------------- ~--------------- ~---------·· --· ----------3-1 +24,000 + 24,100 + 24,100; + 24,100 

Havi~ the T angles tor the member~ the secondary stresses are 

calculate~ by the equation fab .. 7 [ 2Tab + Tba] 



~ere~ a the secondary stress in member ab at joint~· 
c· • the distance from the neutral axis of the section· to the j 

f 

. 
~ibre considered. 

j:.. distance from joint ~ to joint .2_. 

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

supports,. 

Y' f13 .. t [2T13 + T3J 

:{'t) T] = .0148, Fb) £c] = .0378 where (t) designates the 

value for the top fibre of the section and (bJ the value for 

the bottom fibr~. 

+136, 200 

+ 24,100 

• 296,500 

1f13(t) • +4.400 (At Location 9 measured stress = +5000) 

lf 13(b) • -11.200 (At Location 9 measured sbress • -11000) 

T.he direction of the stress, tension or compression, is deter-

mined by a consideration of the convention as to the sign of 

·the moments. 

Table ugn gives the secondary stresses in the top 

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

the various conditions of support. T.he principles of statics 

show that a straight line relation-exists between the stresses 

at vartous points along a member. With the stresses at the 

ends of the members known it is therefore possible to deter­

mine the stresses at intermediate points by this relation. 



~.aBLE ttgtt 

. ' 
' r . -

; . 
CONDITION OF SUrrORT 

MEMBER 
G.G.Lines 16' Span 15 1 Span Concrete 

Blocks 
! 

(t) +190 - +13100 +36150 +10100 

1-2 . (b' -75 -5200 Y143QQ .. 4000 

(tJ •1575. -8050 -19550 -6550 

2-1 \b) +625 +3200 +7750 +2600 

(t) •50 +5200 +14500 +4400 

1-3 (b) +140 -13200 -37000 -11200 

~ 

(t) -500 -3150 -7775 -2750 

3-1 (b) +1300 
. 

+8000 +19850 +6970 

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

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

+ • tension 

~ = compression 

T.he total stress at any point is found by adding 

"algebraically the primary stress and the secondary stress at· 

that point. 

J 
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Disoussion of Results: 

In general the stresses computed by the Manderla­

Winkler method of secondary stress analysis are in agreement 

with the stresses actually existing, as determined by exten­

someter strain measurements. An exact check is practically 

impossible ov1ing to tl1e errors in the assumptions made in ·~1-le 
I I 

theoretical method and the unavoidable errors in obtaining the 

extensometer measurements. The discrepancies are, however, 

within the allowable range for work of this nature. 

Cam!bell's Results: 

Campbell's measurements, with the truss supported 

by C.I. rockers at 15 1 span and 16 1 span, were shown by him 

to give stresses which agreed quite well with those c~laula-

ted by the above mentioned theory. 

Results of this Investigation: 

Plate 10 •presents a comparison of t;he measured 

and calculated stresses for two conditions of support, -

c.I. rockers at the intersection of the gravity axes {16 1-

&f"span), and concrete block supports (15 1-7" c. to c. J. 

~ere is seen to be a straight line relation between the 

stresses at various poipts along a member; this is 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 &etermined 



definitely from the conditions of loading and the relations 

which, according to the principles of statics, must exist. 

at every section where extensometer 1neasurements v1ere taken 

the total stress in the· member, indicated by these measure-

ments, was computed and ... -round 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 ~1at there was a 

slight external moment at that point when the truss was 

supported by rockers placed with a span of 16 1-6!... The 

moment was approximately 3500 in.-lbs. which would be caused 

by an eccentricity or reaction or 3500 
7500 --

= 0.47" 

A change in these stresses, affected by eliminating 

this external moment, would give a much closer dheck with 

those calculated by the theoretical method. 

~t 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 intersection a 

srna.ll error in the position of the lines would cause consider­

able error in the location of their intersection, hence, ~lis 

eccentricity of 0.47" can hardly be considered as excessive. 

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

rorces in the members act along the gravity axes rather than 



along the rivet lines where they have generally been consid­

ered to act. 

38. 

~late 9. illustrates the stress distribution-at 

location 9 in the top chord under various conditions o£ support. 

The measured stresses are plotted on tlle cross-section o£ the 

member as a base plane, and the resulting solid is shown ~n 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 trus·s supported by 

rockers under the intersection of the e.G. lines. This type 

or support, however, is seldom, if ever, used in practice. 

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 or 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 elastic deformation of the material in the support, 

relieves the secondary stresses somewhat. Since the modulus 



or elasticity of white pine is less than that of concrete the 

~eformation of the wood blocks is greater than that of the 

concrete blocks and consequently the secondary stresses are 

less. 

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 1-8711 with the wood block sup­

porta, and 3.2011 with the concrete supports. These supports 

were centered with a span of 15'-7", that is, 6.4" inside the 

intersection of the gravity lines; 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. 

T.he 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 made using only the one type of 

flat support, mamely, the concrete block. 

T.he two methods of stress determination used for the 

condition of flat supports both involve experimental measure­

ments. The stresses 1 n the members are dependent upon ·the 

rotation of the joint at the support which was determined 

experimentall7• any purely theoretical method or computing 

tnis rotation would be complicated and not reliable1 dwing to 

lack or knowledge of the exac~ 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 

the structure.1fhe check in stresses for flat ·supports is, 

therefore, only a check on stresses measured in two different 

ways since there is no purely analytical method for determining 

them. With the truss supported on concrete blocks the rota-

tions of the top and bottom chords where they were attached 

to the gusset plate· at the ·East heel, were measured w1 th levels. 

The bottom chord is horizontal and the level was placed directly 

on 1 t, but since the top chord was inclined, it w·as necess.ary 

to clamp a bracket to it in such a 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 chord 

would produce an equal rotation of the level. Fig.j~~!~s 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 constmnt, 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 undesirable. 

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 co~nonly used 

methods which neglect the secondary stresses. 

Effect of Stitch Rivets: 

as 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. Rive·ts were not used but 

certain substi tute.s were used which, it was assumed, would have 

equivalent effects. In the following discussion,for the pur­

pose of s~mplicity and clearness, these substitutes will be 

spoken of as stitch rivets. 

~lates 9 illustrates the stress distribution.at 

locations a, 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 e£fect 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 Eccentrically 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 coordinates of the point of action of 

the resultant force N, and certain constants of the section. 

r -= N -A 
+ + 1. 

where 

r = stress at any point on the s~ction; 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 • T.he resultant force acting on the section at a point 
whose coordinates are X1 and -Y1 • 

A • the area of the section. 

Ix and I • "moments of inertiau of the section about the 
Y .axes X-X and Y-Y respectively. 

( 1. Swain Strength of Materials Pge. 157,Equation (8). 



K =if xy dx dy = the "product of inertia" of the section 

for these axes. 

By choosing the parameters ( x1 and Y1 ) 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 points, 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 the equation would give 

stresses agreeing absolutely with the measured stresses for 

the entire cross-section. In investigating the resti•aint 

against lateral bending, the resultant normal force (N) was 

located so that the stresses given 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 s.ome-

what from the linear law. 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 n1ember, 

but to a stress due to bending in the member, and also, if 

a compression 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, 



while the effect of the last bending vvould be to cause 

the actual stress distribution to depart from the linear 

law. 

Lateral Bending and Restraining Action of the Connection 

4-4. 

When stress is developed in an angle ~y a riveted connec-

tion to a gusset plate the pr0blem of calculating the exact 

point of application of the force is very con1plicated and,­

in fact, is almost indeterminate. Experimental 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 or the angle. 

T.he 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 of the rivet. 
' 

Location 9a. Consider the South angle. 

.. 
-- _!2·'7» 

T 
A 't~ - 2..·1~'' 

' 7 a 
X ~ ~ 

J ~ 

SoutJ, N 
l 

~ ,, t\l 
.. D·fl. .... 
~ 7 

l, 
y .. r·azl," 



Total stress in top chord = -16800 lbs. 

Stress in one angle, N = -8,400 lbs. 

r • 

lx 

Iy 

K 

A 

8400 

J.4b 

= 

= 

= -

a 

1.187 in. 4 

1.208 in. 4 

.715 in. 2 

1.46 in. 2 

8400X(l.187Xi+•716Yll _ 8400y(l.208Yl+.715XlJ 

1.187 X 1.208+.7152 1.187 X 1.208 + .7152 

. - 5750 + 9120 X1 (1.187Xl+.715~1)+9120y(1.20~+.715Xl)•­

X1 and Y1 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 
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the same regardless of the value of x. The restraint of the 

connection transfers the action of the force N from x = • 82011 

(T.he back of the angle where the load is applied) to x = x1 • 

If this restraint were complete the force N would be trans­

ferred from X = .82011 to X = Xl' the value Of ~ being SUCh 

that all points having the same y would be subjected to equal 

stresses. The value of the restraint of the connection is 

rated as a percentage of absolute or complete fixity. T.he 

percentage is calculated as the ratio of the distance the 

resultant force N is transferred to the distance it would have 

to be transferred to give a condition of complete fixity. 



That is o.a2o - x1 · 

o.82o -X I. 
X1 = 0 when Y1 = o,but when the member is subjected to a 

vertical bending, that is, Y1 + o, x1 v1ill have son1e value 

other than sero. 

Table "T" gives the percentage restraints, against 

lateral bending, of the connections to tt1e top chord, with 

and without the additonal sti~ch rivets, as indicated by 

the measured stresses at locations 9A and 13. 

DISTRIBUTION OF STRESS AT LOCATION 9a (Riveted Connection) 

4b. 

Method or Wi tl1 or With- applied Lateral Secondary 

~ Stress % Support out stitch Load ~ Restraint 
----!'~!~~---- ~--1~1--. ------ of 

.Qr_rr~~!:z ~------------· ----- ~---t2----

C.G.Lines Without .820 .089 .061 96.4 374 

C.G.Lines With ' • 820 .075 .071 99.4 362 

Wood Blocks Without .820 .293 .285 98.4 107 

wood Blocks with • 820 .276 • 271 99.2' 94 

15 1 Span \Vithout • 820 .884 .963 44.7 20.0 IC. 

15' Span With • 820 •. 950 .963 91.0 17.4 

LOCATION 13. <w~ ~lded Connection} 

e.G. Lines Without .820 -.068 -.084 98.3 37.6 

e.G. Lines With .820 -.023 -.048 97.3 31.4 

I 
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At the top end of the top chord (location 13} the 

computations show a 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 increase in 
the lateral restraint of' the joint with the introduction of 
the stitch rivet. When the truss is supported by eccentric 

reactions (15 1 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%. Bending in a vertical plane 
contributes the large portion of' the total secondary stre·sses 
and hence the additional rivet is not so effective in reduc-

ing these total stresses as in reducing lateral bending. 

Column 7 of Table 11 T11 gives the maximwn secondary 

stress at the section as a percentage of the primary stress. 

It is seen that the rivet is most eff'ective with the wood 

block supports, reducing secondary stress from 107% to 95% • 

• Since the .cost of the additional rivet would be ~~-

finitisimal, its effect in reducing lateral bending and 

secondary stresses certainly warrants its adoption • 

.Plate 11, ·Fig. 2, shows a recommended detail r·or the 

joint-at the support. Note the additional stitch rivets 

and the position of the center line of the support. 

Location 13 is clos.e to the upper end of the top chord 

where the connection 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 ultiznate stren~th of tl1e weld. It, however, 

showed no signs of failure under the loads used in the tests. 

T.he position of N, the resultant normal force on the 

section, was determined by the method previously explained. 

~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 connections 

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 quali.ty of 

workmanship it is looked upon with distrust by the more con-

servative designers. 

This investigation leads to the following conclusions:-

1. That the Manderla-Winkler method of secondary stress 

determination gives results which are a very good approxima­

tion to the true conditions. 

2. That the forces in double angle members do not· act 

along the rivet lines, bub along their gravity axes. 

3. That in structures of this type, for the purpose or 

reducing the secondary stresses 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 or the 

resultant reaction is not necessarily at the center of the 

support, but that with the application of the load and 

deformation of the support this reaction moves towards the 

point of intersection of the forces in the rnembers meeting at 

the joint. As a result of this movement of the reaction the 

external moment at the joint is reduced and the secondary 

stresses are, in general, thereby reduced. 

5. 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 ~ction of the other. 

6. That the stress distribution near the ends of the mem-

bers does not conform to a linear law. 

7. That an 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. 

a. That the restraint of a welded connection is slightly 

greater than that of a riveted connection. No information 

was obtained as to the ultimate strength of a welded connection. 
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·r·- -- --. ----. ... .. ---· rp,;:a·· - -- - . - -- 11-. 

'~·~.-L:df-·-:-~~-=:~ ~-~ev~;::a~r li !>~~d1,! T 
1
· ;11;-':J..c•+. 

2 ,-:;e,:;.;:;ed--r-----~ 
1000 - -t I ._ .,.L, • .&.- '-' J V ~· -- ' I i' • --~---- -----7"-------. , 1 l ( .nr· -· ·----l-· -~-. r ' 

·l Read T.J.n c I R·~~ .:l .. ,.., (' ,rr, -~. T <.~ (l. :t -~ .J'~· -~· T'\.e- ] -... r ,. j D •::\ <:)a.· . In'"~ ,. I ' . .JI -· .. • ...., l I..A c .J..l. '· J «: I.. ; .... ...., •--< •• 'l .1 ~of=\ V.-"' lt I - V • • I =-===r- --F= _,_ -. •t-· ---1--~ <=-·~-c=r -~- f--· --:;;_ s 29. oo .... _ 
1
3o.oo; + 

1
. -=--~·-._~~;I--3 -~ 16-.oo 1 .... 1 2o. 001 ~ 1 - . 

I ' . : :. I . I l f i 
H-i --7-t----+-i ------4,--~j---

1
- :; ,1 , i : - 1 · ~- _ .. 

~ -- --·t,· - ! ·--,--~·t'l-1 ! --+-----,---· ,. .. . . :1_ ... '• 
~..._----:1-----+----4---- 1 'I : ' : l ! I ll ~I -·, J--~ ,, "l j ----r- . I . 

I t 51 : +-45 ---,--+: it- __ : __ -y- k73 ; ~70 I __ _ 

i ' ~ --t--~1 · ---I I= ~ j-
15 ~28.4~--r ;?9·~~+---- -+--~ ; 15 ____ ~2.27 ~ ~·7L __ --+ · 

I I t I· ' ~ I . !. ;, 

I 11 J -~-----··---- ··------~---- ---; I H' : ·- ;-·-..... , ---
: I I : !! 

? ~ --. ~:·-r --+-46 +-~-4- ![7--~--- i373 
1 

270 1 i! 
;1 3 ; 29 oo : 3o oo4-~- 1 · ·-·- ,, ;--+--1s oo : ·~2o oo r · I 1. 

i_

1

1 Tota~ __ .__ l1021· ·~'~hr2'f 10 j
1

· ~~-};.L~e <t =t746 f-·-~o ! 128~~ 
1 i,--i I 

:1 Streffi!.· 23.44 X 10 • -240 j'j i~rf'8f:_:l3._44 X 1286 • -30150 :• 

~~r~s -=--=--- ---=.J !f=~- j 
... --·---·--- --,, 

i 3 L?adj ·---
Direct i~~ 1n JL 

Read:··] t'~:':= ~ ·--·-lOOO···; ~G. I 

' 
I 3 i 30.00 ! - -28 ,._ 

f 
-__,..--

i 
'1 ' .. 7 ! i I 

tl ----r-· 
1: I 

I 11 I 1 
I 

t I -1--· 

l 370 
! 15 26.~0 

: 
4~_0. I . 

I :, I 
~ l . :-J 
I. I ! .. 

:! lW--------4-_L·--'9!'0-~·----~---+---· 
. I I .; 

'j l • . j I :1 i ,~----7--~,---+--ll-----~f,....._ __ +--+-----:1 
j I : rz.g , 
t~-- I . 58 ·,· V I 

·-::t 17 0 . 11 
.1~- V - '· ----~.9_ .. ~~m' -1:~:§-~0~0=t=~~~-~~ 
''.a:ota.ll 16 78 381! i 

~----~~· -----~~~------~--~--~1.,11 
E"·~·te~s 23.44 x 38 • •890 
·~---~~-------------------------~·~ I 

1.Hem11rPrs _ 
: L. --- I ---.:.=... ·--

. Jl 
.J.B. s.tress given is for load of -1500cJ. 



.. :i ~a-ble 1 .J 

15' Span 

w 

~OCATION.NO. 9 

,_ ~ ; I 
! I . 

! ' ~~i. N I . 
l 

~-------...:....!... 

7 6 8 5 

r-in ~~~- ::~:: ~:~::r~:::-1 -li 1 1 1-,~~-dJT Tjr~ct 6 
I P.eY'3rsed--r~~ ~-

i_._· 1000~' __...,;.._. ________ ---1.,._-:_--~.-- . 1 .. • ... . """ • "0 d I I - I '"R- d ::--1 .i l eo:;.·-· ·--·-r:· -----t- . ' .. I ;~ -- _ ._ _ _J,\_~_a: • i -~~· \ _ vr. Q · .i.ilS.I~~ot-S...L! ~t -· ·- 1 P.ea.tL~ l!'&JReaa.. i Inl;.j 
r---- . ·t=· --.----· =r ==f= . I -z 29.00 I+ - 130.00·, - I + ''"' .. :""---t. ~ --,.1 .. ~7- 00 . + '15 00 1 + ,~ + 

- ;~V i,· • .'.. I . f' i t I! I - - -
7 I I I If , 1----+-----+----t----+---

: ! . 1: g' : -- ·-t- , ~-1~ -t-- I r J 
tt-.......... -t-----1-----+---i ; I . ~ ! . I 

t 
ll. : 1 ·: T- ~ '! 11 1 i --- !,· ; I 

15 ;28 17 : 83 i29 84~1~~1 ,~-----' 1115l5.13 tl3 
~----+"~ ;..;:;...;:·~·---r- t --·-- -+- ··- +--~ 1 Q.~ ·- ;.1::...;5:::...-:•:.....:8:::;..;5"::.-+--.::t=:f=::...=-..=:.-==-=-----.------t·--:. 

11 ,-----~----- --f-----~--t ! :w-1 : I 

:-7 ~~-~-t ~6~- t 7 f---------~~~~l-l-5~!-,-.-.·~tll-3~,1~~~r 
;I' :; ~ ~91 oo, __ l~p.oo_r T- _; ~~--~_Ti7.o9J. j15.oo~ 1. . 11 

; Tota;~-- tss . r- l32-- : 134_:1 ;~ot<o.li i 2301 . 126 1256 lJ 
I l ~ ~ i LZ . !t ij Stre~ :,-3.44 X 134 • +3140 ,, :~rE'sr-_13,44 X 256 "' +6000 11 

~~rfs _------- ___ JI tr~~"3 d 
,· 

' - --. 

L~a·d i 7 
Direc~-.-l.;~~~v_?r,~_od I_ . ~n JL 

'lOOo···; Read l 1"'·(" I ~':!'-,.:; .,.. ,.~r · 
,·· I .. .I 0 . .... .... • - • ..., t_ " •. CJ • - ·-- - -.. -

--'· 
3 l3o.oo I + • 29..!.-QSl + 

.. -! 

I 
I 

-~ 1 
\* -

i ; 

_;_ I -
-7 l 1 i I 

! ! ---r--.E_I I 
I I t 11 i 

t : ;114 1"141 
15 28~1\6 

., 
29.14 ! I 

I ' -
:I I ! 

I I 

-r---1 
-r--il 

., ...... r~r.-f-: ----+1--t-i -_j_---t-' -=r---r 
Fri-·- --··- :. __ : i I il ' I I ; tl 
j;__;.,....,... ___ +=-:-:---t----r-t-··---! 
--~--_j_ll~ -·--+ 14 .. t· ___,1 

00 ' 29. OQ I - - I 

228 ~8 256 
~~~~------~----

+6000 

p=-. - -

11 !j Lo~~ 8 · ir1, Tit re c t · I :Re--rP. rsed :1 
~!1c0if -R ")a;; --:·rnc ' R~:\·g.e 1 I ne 

lj 
'I 

:' ~~· -- 'O 'J •O' 
l: 

:;:-=:==· - . . . 
., 

:p 18 00:. + 16.00 .. +. tl 
!j h ___l . I H 7 ,I 

ir-·-- I 

" .f ' ; -
:I 11 I ~-

t 
' i 

I 79 t 20 l' 
l5 ;17 .21 115.80 I 

{J 
li 

I T .-, 
ji I 

! {' 

-~ ,. 
____..__L ' 

( 

! ll I 

I :; 
i I 

I 

I 7 i I •• 
! I :I r 

I ! 79 I 20 . 
'~i J ' j1 

l~ 3- "1!!,~9J- j16.00 
.I \! 

'~otalf !158 . 40 118 i! 
~ 

+2770 11 ~~ .~.. ·.ce ~s 'l3.44 X 118 • t.J ,, .• 

I j 11 
I 

I !· 

,. 

I 1
.BemarjksTotal stress • -14600 ~jbs • 

• L- ' - ··---=:--=::==-=======' ' ·--~ 



15' Sra.N 

LOCA.TION NO. 16 

• I .1. .. j ' l l· I j_ ' (..i.,...L. . '· ·'-

I t;! I -
CJ 6.00 l - r-~· 001 + I -·-- -

I 
I 

l i 
~ 7 I I I i 

1 -- ·--1 ~-- I -1 ! 

!lt----1 11 --+----T--1- l : 
~! 1 6o 1 s5 -:: 

L 15 : 6. 60 i ! 6. 55 !1 
i ___ _..._, -=-.::~-~--+----+--· -~---

~---------.:...... .. _ .. ~-------~ I· 
11 1 
--------------~----·~--+----

--7=----·------. ·- -~----tol-·-~--:. 

60 55[ I' 
·1 3 ; 6. 00 , : 6. 00 1. 

'I To taf- ___ [_2 __ 0_=4= __ , __ ....._i_-1_0 ...... -~r---_10__.."1· 
:\stres6~3.44 x 10 = -24o 1 
l1 ! I 

il Rema~~~ __________ j
1 

- - . - -- --~ 

I L?ad 
3 

Direct P.everscd I 1n ,. 'l;ota~ . 1000=- :Reaa.:··r Inc .. - '!) d IT ;.ea •• _ne .. 

3 6.00 I - ' 6.00 - -I ~- -............ --..... ~---~- .. 
' 
l 

-7 I i 
I 

__ ...,.. 
l 

I 
I 

I 11 

t I 3.9:5 2_. BJ 
I 15 9.93 3.20 
: 
·I : i 
; .lJ. 

I 
j 

I' ..... - -·- .. - -- . 
I 7 • 

I t ~). 93 . 2. 8( -- --- -
: 3 !n .. OO 6 .. 00 

; 1'Dta]: 
- ..... 

t186 ;560 1346:: 
i 

!. stree s ~3.44 X 1346 = -31600 t 

' 
--

11 l.~m~~ks 

~able 

N 
1-------
L-

--- .... . - -· -::. -·--- -· 9 
!!Load I 2 , 
: ln 1~: :,ire et f ?.ever sed f 
• 1 ( er· -----·-,.- -----;--- I I 

i - -:r .. - ===r ===-T I I : 

:E./ /": Read. In.c~Bead. ; Inc.l 

; 3 i3o.oo - /32.ool - I-
I -L ._._.____· --J-..--

f _l 

I 
I 

I 

- ---- -· -,.--.- I 

115 __ -;. 33.93 
3.9~ 2.80 

; ! 29.20 
: i j, I i i I 

I 11 I I I 

J ; 
l I I 

;• I ! I ! ., I i 

l 7 I •i 

I I : •; . 
~.93: ~- 80 L 

,I 3 
I 

!I ' 30.00 j 32.00 
;~·~·_,,.. 

i786 J 1346:1 ':'Ota.l~ 5_60 

;res ~3.44 X 1346 = -31600 lj 
'T"-~ --~-

, __ 
-

t LO:J.d 4 1: 
in.L :Direct ! Reversed :t 

:.lCOO i :Read. In eo Re.ad. ! I ne~ ' 
~ 

I 

_; 
r: 33.00 - 32.00 + -I u 

i r 

I ., I 

t---. 

!I - ·-
11 t 

I I • 
I 62 I 50 I 

:i 
I5 :33.62 ;32. 50 

' ; ~ 
I 

: f 11 I 

--·--L 
i 

I I 

i I : . 
I 

.! 

7 t I t ~: 
t .. 
I 162 I 50 ' I I j 

' :; 33.00 ~ '32.00 t1 

I 
'Fotalf ~.124 -

o.oo 24 I 

stresjs 1.3.44 X 24 = -570 t 
I ~ 
I 

j·Remn.r~a : 

.L ~ . - -- ._ ..... __ . 
' _._._,._ --- -·-· -· . .____......_ 

. Jl 
N.B. Stres~ given ie for load of 1500~. 



15' Span 

N s 

Location No. 16 

- .. ~ - ...L.L ,J' - J -

I r; 7.00 1 + -----+E. 00 
j -

~ 

! - l + 
: -
i I I 

t ~ I I 
~ 7 l I I I I I I I ' 

l'l· 11 1!·. 1 11 : 1,1~~ -··-·-- 1 
r· : j ! f ~ :~ ~l-- ! 12 8 ~ 
:· 15 : 7. 92 ; 

92 
j 5. 22 ! 

22 
I ~I ~~-- ! ~ I '- . _ _.__ __ ---4-------r- --r-·--- _____ 36. 2~--i----*-e~fi-~9 __ ............ __ . 

f r ---+-·-- --. -- -· _l 
I I 1 

: 11 

~~~--~~· -- ------ ~--~----~ I J· ~~~~~~~~~~~~~-~~~~~~~~~· 
11 . I l 11 I I I I' 

7 ------- -- -+---~--+-----, 

·1 3 : 7.00 , : 5.00 + __..1 

:1 TotaJ1 -=.- h84_f"___ 44=14o:j 
·l StresS 23.44 X 140 = +3290 1

1
! 

,. . I 
11 ; •1 

il Rema~~~ .-------- ___ JI 

. 
3 5 00 I + ~ 5.- 00 , __ --...-.~· i -·- + + 

-~- --¥ 

l .. 7 ! - ~ ---·+-----+--11 

i 
I 11 I 
I ·--r 

126 ~ 11 I 
I 

·, 15 6.26 4.89 
; : 

Il 
I I J 

1 t I · --- --· · .. . ~ . 
I 7 I ' 

11 ..... ".:., 

~. 1 
I 22 274 I 

I 

+6410 :StreSS 23.44 X 274 a 

I ---------------~ ~ 

~l!::r.~~~ks 

i0 I; :; 
1----+_i- I _l d 
t : --- ;128! L 11 '• 
I I ! ' I ,, 

.I ~t3 __ ,3s.oo !2 j'29.oo I 22127s!l r 0 'llt 1 56 1 I ·I 

! ::tr~s~ ::2.'3. 44 x 278 = +6520 !1 

!po:Jn;f;;-·- . -- . I 
.___ ---· I 

1----

92 28 
:33.92 i 32.28 

i 

' 
'• ,, 
•' 
~ ~ 

:t-rr . ----·--·-·L·-----· ---+-----1!----­, 

28 ·I ;t 

Stre!iis 23.44 X 128 = +3000 
I 

iRemnr~a Total stress • -1500 1 s. 
;,._ --- ---~-- - . --- -------------------... 

Jl 
N.3. C)tres~ e:i ven is for loan of 1500G-. 



L.9·CATION NO. 1 

,. . 
~.?.erna~ks 
=> _ _j_ 

':'able 
C. G •. LINES 

li 
Jt 

I 7 
I --

1 

3 

29.00; 

29.17 I 

; I 
: I 
! I 
l I 
! t 

I 
---

2 

s 

4 

- -

l 
! 

:] 

+ 

~~2~9~·~3~7~,--~~~~--~--~il 
I 23 ,. 

I 

; P.emn.r·;ks 
: L ---- . t:. :..==::...=:_.:.:::.:....==..====:.:.:::..=..::..:..:::::=::==:= 

Jl 

I, . 

Y -o St ·., ... en 1· s for loati of l5C'OC-. _ .• -.~. . res s f!l y 

... 



C. G. LINES 

. w 

LOCATION NO. 1 

r::==::-:::;=========:.:::--·-:-:::- --- ---Load t _. -7 ·-- --·-- -- -- ---t 
in ! Dire0t ~eversei : 

lLt .. .,.. I 
1 

1 
lOOc--i_ Read. I Ir.:c~. :2ead.l~nc. ~ota4 

; __i3 _ _L§_. 00 + h- 00_ . ... + -LJ 
; 21 16 I . 

.. 7 ~ 

6.16 -+---+---11 u-----+-i _5_. 7_9___.r-L. -~~ 
: ~ 22 16 
~---4------~~~-r------r~-.-----
1 11 5. 57 6.32 

t~--~i----~20~----Tl~6~--411 
i 15 5•37 ~ .6.4a ! 1 
:~=-~~~~.~1-n~~~~-t.--11--1 

.t1 I : 1 5 --t--·--+ 

I 11 ; 5.56 16 .. 33 I 
~~---- .. ···- 24 ! .:1§.-\. -li 
!1 7 l 5. 80 ! 6. 17 I •! 
, • 20 : ---r-' n' ~ 
i -~---t 'l 
i. 3 6. 00 ! I 6 • O_Q_ _ J: 
~!Tc tal: ___ _, 9.~ - i ;96 . 222 :· 
I ,I 

;-stress 23.44 x 222 = +5200 :; 
j: 

-------t! 
I' 

~able 

:_· n , i I 
N..__ _____ i_L 

5 7 6 8 
- ·-·- ... -
I 
~Load I 6 l I. 

! in J!i Lirect I ?.ever sed 
' (_; n r·· -- ·r-

3ead • l Inr• I __;_ '-- ._~. P ad . Ir: c, .i..e • I - "-'• 

~~- :r.' . 
' i30.00 ! + 34.00 + 

I 

23 17 : ! 

~ I ? l29.77 
l 

1 ~~-_17 I --!-----4 -r 

,, 

l 
I 

l 
' 

: 

+ 
! 

I 
H . 24! I 16 I 
i! 11 129: 53~-r- I; 34-.-3-3-+:-~~--l! ____ -,-- I 

I ' 17 21 j t ···----+--
~ ., ,_ 29 

~~ r _L J --. --~ 
.I . 

·I . i 

i[lL_~L 

: I 
32.-+- i 34. 50 

: 18t 14 I 

-~ 
I 

• 59_~---- i 34.36; I 
I 23! i 18 i --- -+-- ~ . I ;, 

• 73 I '34.18i q 
I 

2Qj I 16 I ·' I 
I I ,, 

-~~~-- 134.02· 
---~- ·r 

232lj ~134 98 I 

f. 

H L03.d 8 ( 'I ir~t :JiYe c-:-t---.-l-:?-_-e-1-_e_r_s_""e~d~,....,---'j 1! 'lr--·~ -· I -
ij ·-' J · Reacl. Ill~o Reau. 1 Inc · .. 
r-- ~ ----~-.. 

I~ 0 ~3 3 9 00 ._: .....;_+ __ -f-L"..-...~'-1----+--~~ 

it-Y 32.80 +-1 -2--0--t-=..-¥-....-....l.o...f--.._.__~ 

St-:esjs 23.44 X 217 = +5100 
i 

.............. 

,. . 

~?.ema11ks 
H 1 P.emfl.t·;ks Total stress = 

: L ~-·-· t~ ~::.=.=--..:::.:...:=.:::..=====:::.::.::.:.:=:: 
+14 1 7;00 lbs 

-- _ _j_ 

Jl 

!.B. stress ~i ven is for load of 15oor:-. 

----..J 
\ 



LOGA'riON NO. 2 

--;------------ --- .=::-::---=:--:==- _ __:_ 'f 

Load i 
3·------·~P------ll 

' • .+- -- ;J ., 

in ,; :!)lre -~"' .:.-~everse·...t 
~·---- -- -- I -- : 

1 lOOc--. Jea·d ~· T,- • -::-e..-l ~ 1-r.,....l c r;~.~ to 11 
I I .:.l. •. ·-- ..... ,_.....~. -·~ ...... - (...1.4' 

! 3 I 33.00 l + 32.Q< + +~+=-] 
.--. 17 29 I I 

~able 

N 

28 

=,t-~ --
1 
! 

•I 1 5. 82 I I 7.~t ~!?.-----..4.-~--
-·tr : 1~! 

!1 V J. 129 1r 1 -1 . -~----- ~ 

il . - ! 5. 67 ; I 7. 57 I l f- ------- r-- !1 I 
;.-·--- -, 

i 0- ~ -- _!2_~_4:_fL ____ _ 
! ' I 1 
i--:;--, --1----6-4-r-

'1 -- - . 5. ,;-· ------:--1 
~L-7---~---5:sl:---, _.___...,__----
• ; i 1 
lt ______ . ------l..-...::. 

•I '·· i : 
; ~- ---· __ I _ __5 ._9 ~~ -

: i~- '?.-~~ ---r -~=--~1 03 r 
; 1 . I 2~ 44 272 
: I~-~ .:.· (.\ '..) f ~ • X . . = 
------ ~ --------------

9 I 
; 29 

' 7. 86 I 

6 
I 

~30 I i 

~.11··56 ~ I 
7 i 28 ! 

-· I 
7.28 ii 

- j jl 

!28 
I 

8 I ;; 
j 
I 

f 
-,, .lh_oo -- I! 

il72l27Q jl 

+6450 il 

I 
us;;::-. , 

1 
r=-==-=:. =-~-=......::.:::·::::;.::::~-:- --=-=-=========::::...==== 
11 L')2.d·~: 4 
'I ;__ lJ ""\ ] . .,. 0 1-. + I ]t_ ....,I __ \JvV 

'lr."f'"'i' ,_--.-. ----+--.ti---.,~,-~---' 
.. . ..~ •.. ;")e~·~rt T~-·~ ·-'la{' j_Y'Ic .'.i I i .... . ~ , .... \.. .. -- .J. .• ~ _, V - • \.A- .. ; l • 

r-·---~:.··..::: --=-!'.:::::::=~=~==~, ~~===-~I 

~t :: I 7. QQ.._j_ + 7 ()() ... "'" ·i 
ih . !18 28' ~ 

lli 
; 

l L.--7 6. 82 ' 7. 2 8 I . i 

:' .. -- :t ___ _.__. __ ..._1_6_-1-----+-2~7~--'1 
I 32.52 ·lj 11 I 6.66 ! 7.55 l;l 

i 32.83 - ---\-32_._g~~-+----ll 
14 28 

I ,r-- 1 116 i 27 :~ 
i 

17 
32. 85 

28 
11 ·I 15 I 6. 50 ! ~ 7. 82 +-i ~-+-----JJ 

! 18 i ~ _.2.8 •I- , ·, ; -~ ! 13 I 24 ' 
; ·n2. s7\ 1\ ·r 11 : 6. 63 ~ · 7. ss I, 

1
.:1 _J.4 I i z..a.+--_;1 ·-· _L_. 117 i! 

1 ! 3 2. 291 , ·; '!'-!..I _7~-+-~6.!... ~s~o~i~. _ _.....: _?~-.... .:;"""; ,..__t---t--~ 
'L~ -. ~~l--16~i ~~~~~--r-1, --.! I j20 ~ 29 li 

l 
---~ ____,, .·.r 3 f 7.00 L t1 7.02 ~-

';- 3 ,, 33.1 00 ~ :.a ; 324; _ ~~~o~.-;1 -:~J.. 
0
_ f.a·.,J..·=+=! ..-....--- .1,

1
""·=--=*======~~~-. ~~.;:;;:: .. ~--~! ""-

=; T 0 ta]J . it 6 1 n.6a_. _E_Q4! :r ~,..:~~ cv--=-~--~· uQI!'u~---.Jl~6;:;..;2~B::;..::6:;..::2~\' 
I; . . ,' I 

:~Stress 23.44 X 264 = +6180;; , St::·ests 23.44 X 262 -= +6140 l 

~ jl 

~ma1ks ]j 1 pem'1r;ks 
I ' 

I L- --- --· t:• ==:.:.:::~=-==--::==:=::::.:=-=::=:==-::-:::::::=::= \ 

Jl 
is for load of 15nor~ ! . B. stress ~i , .. en 



'1able 

nf) 

N I I! s 

.L..---_____,:.__1 ~ 
LOC.itl'ION NO. 2 5 7 6 8 

r---· ~ --.- -·-- --- ·---- ----- .. .. .. ~ .. --· 
Load 5 :jl 

• in 1~ -- - Di~e-, __ -.t-+1 rev~rf'ed--J- ~ 
\ lC GC/ l,:jc_a_d ----r-n--cjRec· r-. .--:;:_--- 'mo+ C".,. 
I .L. • _::;:_ __ • -~ (l,\..1..4; ..LTIC.!.L ~Go.-, 

r;;.___.., 

z 33.00 I -· 34.00i + ( + ;-·"+ 
26 I i 13 ~ i: 

H---7-+-33-.-2-6-1-~-=---' .. · 33~ 87! l .1 

I ' I I 1-------i·---+--·-- - ·t-· ' -.it 

Load I 6 
Jl 

I I 

· -.-,., ; ··yo··t l~evnrced t ! 
! _... ... _ J!' J.;l~ t...: .. ~ l"· ...., .... ; 

i cnr· ---- ·r- . : rn .. I • ~ \.... l· ., =' I Y' • -De !1 d. 
~ ; .;.·.e&Jt "_c._. -- • ! ·"" v • I t--=-· -f- -~- ; 3 - 8.oo : + 4.00 + + i 
' ! 

' 26 16 l : 

~ I r. 

T 
-

j 8.26 I 3.84 I --- ~----

26 ' : 13l 1- H ~ 26 T 14 I 
1+---,..........+----~~----r:-----~ 4 1! 11 · +-·~· I ·---+---;._;__-+-! --

133. 5~-:-- -+~~7-4----L- _._-+i !L-~- t-Q· 52 i i 3. 70 I I. 

j ; 28 i---~ !~ I :! ~ 27_1 1711 
·,.; 15 33.80. ~33.61r- ~ --.~ ;~-·l·;-·-+- .-· +-
---- ---- --- -t--· ---T'" -- ~- __ _ . i ~---_. __ .a~"-~_ ---:tJ.___::.3...:::.. •. .::::5...=;.3--r---+---
--.--'!:---~-----~~7 j _________ ~ __ ).2L_ __ _j ; : I 261 16 l · 

ll 33.53 I 33. 73i : . .:~i~---8. 53--1 - -,,-- 3. 69 I _J 
. 

' 26-;.·---- l, -1----~.---··- 1 : ~:.....:;__...___-4--
L5 

,;----------~-24 -r- 14 1 I 

_ ___,.,.,. ___________ ·---~ -------~- ~--- ----- :• -- ----------+--- I 1 

7 33.27 I !33. 88: i : I 7 I 8 29 : 3 83 I 
. : ·-r-27 ; --t 1-2 r-- ·--i ;;----: -~---; -

~' 3 ~33.00 I '34.ooT--~---l ;,_~---~-~~-__ -_! s_.oi-: 
: To tat =-_Si&( so ~---~~f--7~t 2~8~ ;:; ~ 0 --:1' ----------
~ \ . •'.:_-~.~--: --·- ___ _!_ 

- • q 

2f4 15 ~ ; 

--' 3.98 
-,, 

i57-! 92 g49 !! 
ij 
I 

:1 StreES 23.44 X 238 = +5580 1: 
~~-------- ~----------.. 

; 'c.·,- .. i"'·. l. 
;jl-. ---· - ..)~ 23.4 4 X 249 = +5850_j -------'i R nml"' ,"'·.r.., , : 

I v .. c.~:--_,--~~--==--· 
1

.L=-~-= ~.::..=..-:-. ..:-.:..~.--- _J~ I 
--. ---- ·-··-- - .._. 

i 

:. -:-l. -r ~ .. =.-:t ·-==.~7-=-----~-==--· --u 
.:..; ~.: ::e-r;·e~sri 

•, lC!OC . · Re a d • 1 ~ ~~- :::· • 

: I 

--- ·• ------. ____________ _:. 

------- ------I L'):J.d 8 l 
ij 

t ~ ~: ::) i .r J c t I ]t:_r-:;·e r3ed ;j 
lr.,... --:-·-: i 

• .J .J .)e ·· 0 ~~lC., I Reat"L I Inc1 :! 

~ ==k ... '~ • it 

...=...,__... - ... ~ 

' r: I 4 + 7.00 + + ; 
~ .__; ,.oo I 

11 34.57 
29 

•• 7 i34. 28 I 

15 34.83 

h ' 128 17 I 

4.28 
I 6.83 i 

~--- l I 
!29 16 :I 

~---·-'---· 
I 11 I 4. 57 l !6.67 :I 
h-~.82 l25 ! 17 ~ l I .. -L 

6.50 ! 
!j 

: ; ·-
I 

i25 : I 13 I I ; 

' 

+6150 

' 
I_ 

1 P.em'1I}:s Tote.l stress = 
: L ·-·- -+-.- ----- --

J/ 
• n St . 1· s for load of 15C'OC-. ~.~. ress g1ven 

+14,4qo lbs. 
, 

\ 
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3 2 

. ~ H s 

4 
LOCATION NO. 3 ~ ~ ~ X 
------ - . --

Load 
~--- -------- 1 

--- ·-·-·--. --- - . ... , --- - ,t-
2 

't in JL Direct 
Jl I L?ad !. 1 ! v~r ;:- ed J l ; 1n J!! Lire-=~ t I ?.ever sed ; 

;~ lCOCP:- .....---- --------
Pead. Inc. --- I , cnr· ----·1--. 

I l.!1C. d. I ... n c Jmo+.--l ' _.;_ l. J· P j_ Ire i-oead i • ; ..1. l • • j_ L 0..--; ! ~ .L I. ea e .~:- • C e ·' 
~ 34.00 .... -- i u 

1,_ I ~ I 

:+e· '~- ..... _ : .oq> + 1 + !~--1 3 i 6.oo '+ a.oo + + 
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I 

~ 

H 7 1 rz 

I 25 . ;! ;t 13 21 I 

.2$ I lt ? I 5.87 I 11 I 8.21 I :i ! I j• - ---- --r . ~ ~~---1_4 ...... 1!~~--+-' ~--1--+---
~I~w . Is 42 I 

I' 

'f~~ 
1 L;L ~· -- . _Q_ 

.73 I • : ! !'" 
i 13 i21 

; 

,-i--
.§_O· '8. 63 

; 

__ 1 _10! :21 ; .1 I ·----·---
7_0_1 

__ __ l.l3. 42 I 

: 
i ~ . 

~~ ; t ' ~ I ._ ___ ...!.LL., 

I 14i :21 ! 
----~ 

t; 

.84 s.2l ij 
I i I' 

__ L_l6: l21 ·' !i 
I I r 00 ~ i 8.00 ' I 

-~.i~ao ··r 1126 I 20~ 

i 
r::=:=:.-::.=:::===~ ::z:=--------. -- -:=--.- ------- _ _;__ 

t 3 t 
Load -~ -------' -----------1', 

l·n ! Dire~t ~eversed 
I!· 

-
+ + 

-1--~ ·-r 

20 
I 3 t 33.00! + 
!--· -

31. 0.~ 
12 

r-r ====~~~--~--~~==~========~==~ 

11 1 ') 8. d 4 J: 'i i 1. +---"1"'\-. ---:-t----r-1 --:D--~> --:d:---..,.._-~l~! I ~~L ~1recv ~e7erse ; 
,~; J.?.eac.i. T:lCo ReaU. ! Inci ;i 

,' 3 I 4.oo + s.oo + + 

28· I i i I 20 
-7 ~n I 3 2. 88 31. ? .. _u~-. ......... _...,....._ _ _,1 

! l 11 i 21 
~!1_1_1~,3-2-.-77~~--~31-.-41·~.--+--·-
l . 12 . 22 I 
i 15 32.65 I ~1 .. 631 I 
! I 7 1 ! 2n I . ~ _....,._ 

.~-l-.J_-+:-3-2-.-7-2-t--- ! 31. 41 -1! 
' : --- ~J-.U ...:_2() I " !t-rr-1·32·: 84 I 31 0 211 . i 'i 

11 I ..14 i rl r • 
. I t ----;j 

I 3 :32.98l t3l.oo r u 
! - , .. - ....., ·• I I J ' 
ttTctal , 68 I ! 126. 194 :; 

/stress 23.44 x 194 = +4550ii 
,; - jl 
;r li 
~rr.a~ks Jl 

8.28 

! 8.53 I 
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; 8.80 

8.54 
1 
I 

8.29 
• 

8.02 
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i 
25 ~ 

i 

I 27 
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! 

I " 261 
: 
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'• 

I t 

l 
25! ·: 

I 
I ij 

27 l 
I n 
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158 276\; 

:i 

+6470 l\ 
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\ 

! 7 3. 80 : 

~ ~- I -- _ ____...l_2_o---+---""'i---.;........__----;.l 
'l 11 i' .- 60 I 
,~~-0~·~~--~~~~~--~1 
''~~--~'----~11'_2_0~-----~--~--~ ., 15 j 3.40 

I i 

t 19 
3.75 

1 i 23 

I~ 3 - I ~--9.8 .. L-*=======~~~p:~=. 
! ':(otall !118 

.st~e~s 23.44 x 276 = 

1 P.em-,.r(.s 
: L ~-- ---4-t::.=::..=.::.;.....:=:.:.==::...=:=::::=:::.==.:.::=:=.===:::::-== 

.11 
;~.B. stress ~i 'Ty-en is for loan of 15ro8-. 
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LOCATION NO. 3 

r.~ ; I 
~ l s 

-£----------~ L 
5 ? G 8 

1r->-~~-d!'-~..,.----~-~-:-~l~~ ;-e~~ 5+-1 rev~r-:: ----, ji ,-;:~=, =--~~;_~:._dJ-!r-l-L_i_r....:.::~::...-,_:::.~t=-=-::_· .:·=---j-==-r--~e_:...v-==c==r~s=e==d=1==9J;~-
~ lC 0(f r--P.e-a-~1~-n-~c-nn.-f' .,..._,..-lmo+c--ll- :cc·';_ -_----r---.--.,..... -. 1 ::> C1., trY'I ,. 1 ' 

•. ; r . u.. j' .1 ~l\v•L.A., ..t.llC./- --c..-; ~---:::;--:t- ?.eaj_t ...!....-G, __ e .... U.. ' --'-'"'• _J 

~ 32.001 + -134.00 +' + .---\ 0 i 7.00 + 6_.00 + ,. + . 
M----+----+-i _2_7 _ _.,1_- i 13~ i' ~! -----l::___:!.....!!.....:~~. -2-=-8--l~~o£-JoL.+-1-'----9-it-----.l, 

~ 7 2 7 I . i I ',·' Ti ~ I 
i:,; 3 • 2 i 33. 87 :,i I 7 28 I 5 81 j' 1 1 I 24·1----- 16\ l --~:r • -: --~--·~~-+~-2-o--:f~--

:! 11 32. s1 1 ! 33. 7{-- ~ ~ !! n : ":~sS-f-7---5-.-6-1-+! .......... ~;~-----
1! ! 2-9 -. - -l-i-4,-~: ~~- ------ -. - I 17 t' 

I 1 :'____ ~' 
1: 15 32.8~---~~;;._5r~~--~--~: ;~j_~-- :J._a2_~· __ +

1
-5-.-4-4-----=--=--...... 1-.......... 

---.: ________ ._ _?_? ~ ___ ---~ 13L-.-t --------i 26.5-~ ----i-_1_6--+-1---: 
ll .32L53• __ 33~-· ___ L ____ .i ~~~ 7.56 ___ j_5.:;_6~0;;...._ __ ..,._, _ __. 

_i_~6_.: ________ LL3~----~ :~--- --------~-~6~----+i=l..;;::;B_;-j -~ 
., 32. 2~ ---~ _3_3!__83L __ ~-~-- __ 

1
: .L_ 7 -' 7 ._3_0_

7
• ___ ::: __ J._7_s-+--.-~ _ ___;.;; 

________ 1_25 I lil---~ iL _____ I ______ ! 2~~·---..;..-..;.2..:;;..0_.,__ _ __, 

·i 3 ~2•.~-~----·' 34._Q_Q~ _____ i_ ______ ~, d r: ~ 7.01 i _,__15:::::;;::.9:=8:::::.,;___._=:;;'=~==~~! 
'j Tota~ =- "G. sa= --- -1 a6 _T244 ~ }~:,~- ~;- ==c-=--;-].~1 !no I 2731) 
:l_S_t_r_e ___ oo_) __ 2 __ 3_._4_4 x 244 = +5720 :; :::: ~.:~c- '.3t~~--44 __ x ~73 _= +6400 ~~-~ 
j, -------

\1 R c ':1~-l:~ 2--c ~ -:c ~~-- - • -: -:-=- - _c _::_c_ - __ :_ -- - ~. ~:~-: ~ ~~ _._~ (~"- -_--_ --=--: - -- -=====-===-==~=~~ 
-!--~~------------=--==~~~-:-~-==============~ 

li :S')3.d.ti 8 
'I ~L__ ....... ; ,.~,-.+ l _,o-:er .... ed I l :J:. ..V -- ... '-' "-' \.) • - • -J • ..::> .--: r. ,.._,.. I 
. .L .j • ! ":::) e . ' n T. - n I Re a u1 I .,- y; c . I .. ~-· <..,\.· .. ____ •• , .. J.._t, 
~-~.-=s • I 1 

11--~-~~-&..:~~-...... ~ ..... l?.~()ol + -t-+ -ri •i 3 I 7. 00 ; + I 4. 00 I + l + 'I, 
1 2 a 1 r ii , 3o 21 1 i 

I I tr--rf I l I 

, 3
1. QQ+-1: -1-9--+--===:: :~- 1 ?.

3
0 t 27 

3
• 79 

l 20; 

3,, .'-",I ii 'I ll l 7 57 ! I 3 59 l 
IU-
1 _::.=---t-=:~~~f-2-9-+.:.AI'.l.~O~i-.J.--r--1-8-,r-, ----=~ 11 i • ; 25 ! • ! 19 ! .; 
I -1 4'2: i I I I 15 7. 82 l ~- 40 --! ------+,--~: 
I, -==-=----+~~~--}~-~~· ~~~•;....;;;...;v~::-_:---r---;'! , 1 I 
·~ 28 : ; 15 l 11 ~5 ll 1 :: 
:! ·~· 31 58: l +-, -~~~ I ~ ... _ . - ~ 
j AI ·: ll t 7r ~ry 3. 56 jl ~~ 
;~~~~~~~--~:~~·~~~·~7~-~!i ~JULL . 
: 30 I ·lQ I jj ___ _..!____ I 27 I I 18! 
!t. -- ----;-31 77j. : ! ;, 7 1 7. 30 .: : 3. 74 'I f ~; 
:----.---~...;;.._~-~ -~ ' ~~~~: I : 27 1 i -251 :: ,. 28 i 20 I . I I 

:~· ~~~'7.=·~3~2~~·-~9~2~;.' m-~-1!!!!!-~ ,: 3~·-1·~·9s.7_~J ...... --f__.;;;;,;:::::f4-t;;_i!k,~~~O-::~o-:;~jl :::::;7;;::;·=_2_=-3·...!-::i; 61: 3.9~~ill--7JI 278~.\. 
~J-i: T~c-lit:.wa,..i ___ 1 

.... .-.1 ...... 7 4.-.......i __ : 111 2 8 5 ~ •"'- 1 
Astreas 23.-44 x 281 = +6670 

j' 

H 
:I 

; ~ 

+6520 St::oes;S 20.44 X278 = 

I' ' 

ll 
11 

, ?e;n'1.I)~s Total Stress = +14, lQO 1 bs. 
: !,__ --------+-t:..:::=:.~---=::::..::=:.::====::::::.=.::.::.::==-:===== 

..... "'0 -· .. ___.~. Jl 
StreSS r:i Vt~n iS for loati Of 15r··oc-. 
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r ··-r-------- ---- ·--- ---------=~ .... _ --- .... ----
Load 

:_~i~_e·c~:t~ rev<:Jrce~f:=J t in JL 
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~able 

3 I' 2 
j i 
! I 
~ I 
I I 

..____'· __ ____._I ~---A­
'i. ~~ ~ 
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~~-~-~--~--~~-~-~--~--~~~====~=r I L?ad '-----=2-r------::--,-----t· ~---
; ln J! ! 1 ir c et I ?. ever sed -: e;nr· ----·r- 1 Pea.d. ~nc~~end~' ~;rr c .. IT?taJ, 

I z 32.oc + _ 1 32.oo .. t + . 
t 18 ! I 22 ~ I 

i -- ·~ }· J.. :2ead.~ Ir:c • Inc. 
. 1- -·I 3 --, 6. 0 

+ 
q 

7 l 
r 3 2· j 

. 

-r : -- -- --~ -··- ·--·-. 3 Load' 
• I Dire -~t ~-:e-...-e r se d. I 

1n JL~ ,.._. ___ 

?ead.l~nc. ! looc--~ Read. 1 Tl'." Tota~ :1 L l ... ·-...., • 

I 3 • ~I"Y 00 + ::5] -00.4 + - f-·-*-j · 1 00a 
t----~~ 

I 12 17 
.. 7 I 

32.88 31...._7.tz_ i I --
: 13 I 15 
I 11 32.75 G1.32 i 
I ! 11 1 lt3 : I t 

i 15 32.64 51.48 I 

12 _,__ I 9 
: 

! 
.11 i 32.73 t31.36 - 11 

11 ...:. - -- -, ~-.1.~ . i 1s 1 '· I --·-
7 32.86 t31. 2:1. 1 

1 
·1 ; 

t l 14 i 1 l R I .j 
I 

' 1 
t :I 3 33.00 

I~ . ---7 

:! ' 

.: StreSS 23.44 X 165 = +3870 li 
lt 
li 
u 

I 
I 

; I ; 12 il .' ' ' 
l I _ _u .::;..._8_8..,;;__~1--T-6.~ ~-3·~. ----+----+---
f ~ ~ 1'Z . jl4 I I V i --+-· -=-----i---1 

~.:-!:_ 0-· 75 ~- i 6. 27 ' 
I I 12 I 114 

i r·l5 __ . . Q_._6_q_ __ -+------
1

L-.....6-.L:_Lt_l ______ +-----
!' : I 13 I 11 '--~ I ____ ....,___.......___---, 

;LJl : s.7a , _r-6.30 i 

I; ! 11 i ----...;;;,._~; -1-3~--~, 

)[ ·-7 --- ~ -5~-sli" ! 6.17 r ;; 

it ____ : _U6 l lu 

iL. _l __ lB~7--~"=~. 01 ~==*===tr'' 
p·~.;n 1 __ ;n , 82 ,153 ~ 

:~2-~~~r:"· s; _____ g_;;_._4~_;_1_§3 _= __ +_3_5_9_0_-!11 
I '-:> r ' .- v ~ ... ,.... I . r. -....... i :> 

--·· _ __j_ . ----
?.:::; 

! 20 I 123 
23 : I 24 

' 5.26 
25 ·j 

~~--+------~~~----~~~---,0 

=*=5=·=0=1~~~~~~·! 
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+6650 
•i 
!, ;t St:-esjs 23.44 X 284 = 
'· 

~--~---------------------------

Jl 
:\~.:!3. stress gi,-en is for load of 15ooc-. 



~able 

(l, 
! 1 

. w N ll s 
I t 

I 
LOCArriON NO. 4 5 7 6 8 

1 L~~~~-~- ~~:~: 5-!re::-~~e~---- ~~ ! L~~dJ Lirect ·- r. -Reversed 1 
:tlfOO'' 1--------..;-----;--,- . . \ (_;Qf)~.__--T-:::·. I I -1 ;: ~- Read. .tn~_Rcnd., ~ne. Tot a; : ~ · · 1- .Reai. · ~:r:c, Bead. Inc., 

3 33.oo + _ i 34.o<D + + ~--r-3~ 3.oo 1 + 6 .. 00 + + 
i 23 -~ I 19 : , ~ · : i 2 6 23 

t 7 3~ 231 1 .J ! :I I 7 f I 

~----~-0_._+-. ---- -i! __ 33. 8A I :; I I 3. 26 I - I __ §~_::7 _ _:..7~-....l...-----
..._ __ ---1~--4--2_3--+-·---1 21 i I ! ' 24 j 125 ! ' 
H n 33.4~~¥3·61 --+-J l~±:__w.5o 1 1 5.52; ; : 
i' 15 • ' .:.4 1----t-.?_QJ_ __ ; !:---- :__g§_ ! 22 r . 33. 7o_:_ ___ -r-3_3. 'tq. __ J_ ______ :~ ir 1s __ .. _3. 7_6--t----+-l ~.l!'-=-~----+--
j' ------~ _g~ ~-----------19 L- I :i i I 2U ; 20 . ---J ------, . ll 33.46· . 33.59 I i illl I 3.~ ____ j_..;.,5..;.... • ..;;;;...5..;;;;...0_; ---+----l 

7 : 33. 231-· __ .. ~ 33. 7?_!:1 __ =i-, ,:.c-·-7--~--i.-26:- 5. 73, ., 
i 23 .---10: I _] 1: ~ I 2 l t 93 

-------r- ---r-- -- . - . :---..__..;:;;...;:;...~+----t----..:ll 
, i 23 i j 2 ~~-- I _! 2? 26 !• 

: 3 :33.00-}:.- ~-3·~ -=~ ik ~-4_!hl>DJ~=~==~==t===*" 
i Tota~ _ . 1140 : ~JJ9T259 :1 ;f7 J _G" .!:f-----0..-.5_2--z. _______ _...:._ ... l.:a.::;3.¥9-'-'---==:2:.¥9.-.lll 

\l Stre~ 23.44 x 259 = +60'!Q__I! (~st.:·~·3t--2~~44 x 291 = __ +_6_a_3_o _ __.l. 

11 Rcmn~t.? '_!=--::-- ____ --JJ £~:-~~~~(, ===-=--=-=·-=-:.-:::: .... ::-: ... =-=--=-=====~·=a=.ll 
~L=o::a::-:d=_t=_=_=_=_::--'_=-~~::_7~:~~---_-_._----_---~-----~~:-.:~-~--ul 
in~ Dire~t ~eversed ·~ 

1 
lOOc--: Read. 1-!-r~-J_.... ~ead.l~nc. Totu~ 

' i !3 · __ ~2 .r 
~3a l Jl J + • ·- O.l. + -t-*-· 

26 22 
: 33.26 l 31. ~~8. ----t---11 

t 25 24 
I 11 33.51 31.54 

27 23 

j . ._...__. ==r:==--=~:-=.:::::=:.=.::=-==========--

' Lo~d 8 Ji ~ in . ·-r---:J-:-i-.!'_e_c-:-t---r-::?~. e-"':'~-.. e_r_s_e_d~.,..._-~\j 

~.lc')0-f Jea~ ·T,·)c Read. ' J..~Y11c. ;1 }--- I . ..1:\ 1... I • - ... .J. 0 - - I ! ; 

+ 'i 3 I 6. 00 I + 7. 00 + 
I I 26 26 I 

I 7 6. 26 I 6. 74 i 

1~- ~------+-:~+-----~--~--~i 
l 25 I 24 :i ·'---+-- ---+----+------i--~--1 

l~i 11 1 6. 51 ! 6. so i.· ... l .. 
i 25 I 22 . ' T5 ! -~-----+--~--~q 

! 31.31i 1 6.76 I · 6.28 
26 I ! 21 .-:4-.! __ .,J..: ___ ..J.,!_;.2;;...;5=:;.._ ___ +---2.._1-+---t;· 

33.78. i 15 
r 
I 

.LJ. l 33. 52 I 31.52 ,. ·r ll 1: _6. 51 l 6. 49 '1, 23 I 
ljl.;:·L.-:_~~~-l--..... , -=-=:.::.-.:."'9-~-'r---...J··~; ;.._.__-4-.... -- --~~-. .;.;:;..2-=-4-!·.--~ . ......=.;::~,~--.. ..... --+l ~~5 I i 23 t --,. '! • 6 r; 7 133:27-· I 31.75 I ! 7 6.27 l .72 .:I 

I I 2 I"" • 23 i l t ?.h 1 
u,.il _3 __ :_rz_'2:·-0-l--r-·--Q........:!~il-~----t----.,1J ,.L---3--J-~-6-.-0t---JlL-___.jf--6-.9-8--+-WJo.L-+---.....:l~ 
~~~==~v~v~·~~~~~~3~·~9·~~--~~~--4~~~-~·F-~~~~~====~~~--~-=~) 
!l-TctaJ; !1.55 l ; 136. 291 ,: : ':L'otall P-51 142 293 l~ 
!! 23 44 291 6830 ;: Stres,l_s 23.44 X 293 = !! /stress • x = + ;! +6870 
li !i :~--~,--·-------------------------
H~ l, 11 j P.em.'lr;ksrotal stress = +13,900:: lbs. 
p.:;!m~rprs u !L __ ~-4-- --\ 

'. .JJ 
:·~.B. stress given is for loan of 15ooc-. 

'·-....;--.__ ' 



~able 

s N 

LOCATION NO. 5 

-f! .. IJ 01' an~"- e---~- D---l~-~, e-~c-~-t l-4~~ r -e-=v~r-~-... ---e·---d·--J-~--:-:J. ~-~-, <?ad ! __ __.:·...;.:_ .. ---=::.:-2~--:..--=--.. ~=~=====n:.r ""-~-
:r: ~- .-; ~ l n JL l 1 i r G c~ t I :2 eve r se d 1 

:ll(';Of/' r--p --d -,-~------ ,·n--d .-:;-- m-)t~l' ~cor; ..__ ____ - ' :_; ~ · ea • i 1 n ~.!.l .:-\ en o : .L n c • J. ~ I ~ • 1 Re a a._. : I y: c • ~ e ad. ' Ir1 c • j 

1 z 13.od +l"l7.00i + + :--l----;3 ~28.oo ,- + 29.oo +, + 
' I 24 l I 29 ! il i I 10 11 'l, 

1 7 12.76l_ _____ 1:p.29' 1 l-r-:-~? -'~7.90 1 _,__29!J ___ 1-+------t--
' 24 I 29 I ~I I l ~ 10 ! I 131 f+--._l_l_....__ ___ --+,1-~+.------r--, 1' I 11 ; ---r~-~--~~-----~~ --

!, 12.5~-$-~Si 4-=__.1 ( ______ +--. 27.80 l.__ 129.24: i 
I' ! 21 ; ~ 2 j 1! · ~ 10 i 14

8

1 
;: 15 12.31: 1i7.84r- . --: 1 i _____ .._ ; ·-+1------------..--
t· ---~--- ~- ---+- _ -+---- .. _ :L.J ~ ___ : '?/L. _7_Q_f---l 2~-'L-.::3~8~.----t--
r . . 20 · i 26 i . ·; ; I 6 I ~ 
i .-------------- ~---------~·-~----·--.4 :---~------.l.-------+-1---+--

ll . 12.51· :17.58~_L __ ___.i ·ilL I 27.76 I i 29.30! I J 
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,. . :;) 

~· • .-I. 
.JI 

stres'3 ~i .... ,.en is for loaci of 15( 10r;-. 



Location No. 8 with Filler 

-
-~--- ~~--

I 
"7. 29. oo 1 + ~3~.00i__+ t...f 

L I ! I 

;r 7 I t- I 
I 

.. 
I. 

15 1: 
I 

11 

7 

IL?adf !' Di ..,...e .-•t 7 --~- 7'-~~,-e-~ s-e·dj- 'c~l 
I l.n JL ~-'- " ....... ______ ..• :_·--"_-_ ..... __ . 

ll (j 0 o· j Re ad • I I, .. _ ·J . t ?. e [.t d c• ! ~ ...t"l c j ~~; t [_ Jl 

e--3--Pq.oo; + ~_&~._+ t---~ 
.. 7 i I ' I 

1 l ·- ---r---~+--i-+----11 
I 

;' 
I 

11 11 
~: 

I 
68 

J 15 30.68 ! 

~ I 11 
.f 

lt 7 
I 66 

.,___.-.(_3:-0-. 0-2-~-- -

48 
27. 52. 

;3 

5 

T 

l 

:; Ct ~-~ 1 P 

('; 

~ 1 

! 

i 
I . ; I 

I 

ll )! 
' 

l 
7 6 

''" 
8 

I 

·N 

., 

.I 
,J 

i 
I _____ _L·---------4--~>-----
I 

-~· ----~~-------+--------~---~------
·.·! 7 1 i ' 
·~---4------+-~------~--~--~l 
I I l 56 j 43 I 
'~-~------~--+-----~~~--~ 
: 3 118.02 L_-==*=1=1=9=.;:9~8~~~:::=;;,.;:::-:;;;::l 
'~otall .. ~'fi4 ·--=- as 2o2i 
~----r ~. :1 
, Stre~s . "3.44 X 202 = +4730 !~ 

_.. 
I 

1 Remnr~s Total stress = +14350lb~. 
: l. ---~--. ·-· . .::..:.. -:=:.::::::: -------- ... 

Jl 
:~.3. <)tres~ P:"i ven is for loa.d of 15uoc-. 



':'able 

3~~2 
N s l I 

I I 

1 i I I 4 I, 
~ I . -~ 

Location No. 8 with Filler 
r-;1...:.:....~~- -·=---::.- ~-= -:.·. __ --=- ___ -=..;,_:__ .;..;_::_:_ -~-:..:..-.:..:=::=--·_· --~- .... - --· -:-- .:==::.-~-=:=::.9 ~-

' Load L-_ 1 ~! ~~Load I 2 --, 
·~ in !~~n~r-e-;t=t"rev<'HPed_r_ 1 ~ : ]_fl J:! Lirect ! ?.evers~d · 

lOOC,I' 1 Re_a_d __ l_Tnc-t--p:;::--c1 ·:-.;:-..,-;-lr:· .,+ c::l ; }J./ r-, -;e ... d- --,-1~~~-e~ -~ In·J·I1 
· • ..L ~ .t • c.; ~ .. J .L ~ -· c ... "" J- ' _ a . o - L .._., 'J! - • ,--"'\..A. • ' _ : 

,.., , ---- , · -~__:__ •. _~~--=:;;; : ·---:::--=: ~ =::..-====r--====r- ---r 
.-., : .±_-t 27.o~ + 

1

. + 
1

; i+---3..--. ---+: __ 1_7_._oo~.·.·~: 1'15.ooj! + 1. + 
7 I + . :: I 

IJ---~ +- I i : I ! . I 

1\ 11 ~---- \ m •• r ____ , ____ ~---~~ I l -:-=------~- ~ ----- I -r----------

:: i : 60 --t 84 +------+ jt -------:-- i 72 i ' 97~'--
i· 15 t ____ _ 

I I I ' ; I I ! 
I . I I . ' 

11 --~------ :-----~ : ~ 11 · 1

1 

1 · 1 

---=:----------- -- ~ --- I ,, . ! I 
7 I ~I 7 I I ' 0 il ___ """"' ___ 82-:.~- ; + : 97 I ,, 

,_-----=-===~~~-6_o _____ ;:i-+-- i I , ; 12 l I, 

·i 3 : 27. oo , ; 27. o~ __ _j ___ ; j· _3 _j __ 1 7. oo l f; 15. QQ I 1! 

:1 Totair __ ==r 12oi· l16-6j286:: :~tall il44 '[94 , 338 ;: 

,l Stre~ 'i_3.44 X 286 = + 6700 ;; jl::tri'>S~ ~3.44 X 338 = +7920 :: 

~~~ Rema~k~ i) 1pc:·:;.'1~~1~-~ ---- -· --·. I 
l!:. ==~============------------ -------+-, !.....- - 7 

r.::L==o==a=-d~i==~==3:-:::.:- ·- -- . ==-==, 

I in 1J ])ir~~~-----~-;~cve:r sodj I 

; 1000' j ,Sead. l I''-::: " ?.eu~" !:;.:'lc_:fotaJ! 

· _3_+27. oo : + 

1 

2a. oq + t s--l 
-- 7 i : • l I I, I -t· --.,.----- . ......._ ,-+-----11 

~t 11J_ : I 
:1 I 71 97 
:r 15 1 26.29 

' l!J 
I 

i 

18.49 
51 i 

15.68 

L ., 

,I 
;f 

' 

+ ·:j 
:I 

' I , 
I 

68 

: ~ 
il 
q 

·I 
!i 
I 

; 

~~~~~~~~~~~~~,~~!'} ~ ll ~---~~-~~~·~~~~~~ 
!I i.'~~ --7--~,·----~:--~.~----r---+---~): 

I -~~------~~4-----~~~---- ~----~-----+--~------r---r---~1 
.... 97 I ;~_ l l 50 I 65 I 

28.0oL J --::Ji ____ · ...... -3 _ 118._9~-k 15._~ _ -~·; 
l94 r 338j: ! ~otnl! !101 33 ll4 

i~~~~----~~~--

Stre~~3.44 X 234 = +5480 

(')'";' ·:' 
GtJ~I:,: 

:: s tr e ~ s ~3. 44 x _3_3_8_= __ ... _79_2_0 __ -+~li 
·~--~-------------------------~ 

i1Roma!1ks _ 
1-- .--J-

I 

1.Remnr;ks 
:L. ·--

Jl 
stres~ given is for load of 15~)~~ 

-- ·-- --------~------· 



.. 
:'able 

BOLTS AND FILLERS 

~ 

s 
\ 

LOCATION NO. 12 

fL?ad ~--~=~_:-=_1,----==----_- I !!r;oadT · ·-2- --c:o~~--=p 
1n Jf D i re :_• t I rev A r G s d J~ ! ~ J. n 1~: : ir o 0 t I ?. ever sed · 

10001' r----------.;----4-·------, ---- -• ; --:I f'(• -·--·•;--· ·~· 1 

Read. i ~nc.J?.c;_~ c, :;-l's,!'i'Jt2.1; i~--=: . ?ead, L'1G~?.9'3.d. ; Inc.j 

\ z 2o.o~ _.._f_Q._Q9t-=f~ !t? -rso.oo : --~2o.ool - ~-

~ 7 ··---l---- -·t'- ! -1 .... ;\ 1? ! -- i I ! 

~~ li : 37== :i: 62 ~~.~ 1~-~~-: -----~43 i I 7_0 ___ _ 
I 15 : -{.;; I d--:;-~- . I ( 
___ 1_9 e 6~_._-~-~-9· 62+-- I ---· lj-Jd--- ·-:· 29 • ~7 : I 20~.7~0..::::.___-+----

1 I I I : : I 
11 ---~-- --- - --- -.,------; T ~ :b1 1 ! 

I I :. ------r-1, ---------r-----; 
'I ---L----

------3;.-- ---------+-~--. · ~~ 7 : 43 i 7 1 

:1 3 i2~.oo , _ ;3o~ _ ---=-l i! _3 I 3o.oo I j2o.ooj, 
0 

I i' 

7 

:l Tota~ _____ ! 74 ' 124tl9Bl :rot<lli i 86 ; · 14oi 226 : 

,l Streoo 23.44 X 198 = -4640 ~~ j ::tres~ 23.44 X 226 = -5300 ;: 

ii Remar.ks ________ J! !_ro;Ja~~; l 
I r.:: L=o_==a=-d~,_==_=_=_=:_~=:_=:=:.:=3=-==------~-----~~---=_---~·f, 
I 1n , Dire ; t i ~~ o ve r sod 1 

·~·. 1000~': -~--- -- I ·- -' Read. L T~-·J ·l..i. ?.ead" ~:1c .. TotaJl 

! Reversed 
:.1cr::r~ -

Read.~ Inc~ 'I 

1 Read" In eo ,. 
:L__ !i 

! . 
--;- ·16 • 00 I - ' - I £T j- _ __,,. -~ -·· vf ,,__3 __ .!7~ 00 i 

!~, _··_7_+-... : -----"~· ·--~------~~+---t-+-----11 

i ·-

I 11 ! 1 
~ ' l 42 62 I j 
! 

15 16.58 ! 16.62 1 I 

! ~ I30r50 29.00 il 
~ 

0 .- - -
I 1 

:~ 7 I 
I 

I 

I 
- I i - j_ I 

·!--. '~ :j 11 I i 

I 
I 

'I I 53! 78 
.ib 29.97 129.78 

•! ,. 

! ! 
I 

J .ll ~ 

j 

.I I 

't 7 
i .• --· 

I I 

·j 11 
i ~ ; 
; _____ L i I 
I ; 1 

I 
. ,l ., 

·I I ! 

il 7 J ! ! 

'I ' l 
I 

53: 78 I 

I I 

j~~!:..llf-~-----~--8;;,;;:4~-- _..:.::;1::.:;2;::;..:4::.....;-..;.;~L 
::stre~s 23.44 x 208 = -4880 

1

:

1 jl~;ma_0_s ~ 

'A I ~~.soL 129.00 
,, 

u I I 
I --il 
~-. 9 

'-~-Tlo6 
_....,..._ 
~ -· 

:~a tall 156 262 i~ 
stre s;s 23.44 X 262 = -6140 11 

' I• 

I ... , 1~emnr;ks 
:L ------~-- ·-· _-------------·------~--=----==-

Jl 
r·;.3. stres'3 .. i ven is for loan of 1.5ooc·. 



BOLTS AND FILL~S :'able 

-'~" 
EL'~ w . I -~ 

\\ 1+-, ' -~-
LOCATION NO. 12 

.. 7 I I i 
1------+-' ___ .,_1.1 ·- - -~---~""'~ ...___,.___ __ " 

;~' ----~------~l--~t~----~--~--~1 
I 11 I l [ -~, .. ------~r--+-----T------r-----,1 
I I 78 51 
!~--~------~~+-----~~~--~~ 
I 15 20.78 t 26.49 

r:_ ~!-: I 

~ I s N 
I I ·. 

I! t_------...._ ~ --------

8 ~LoJ.d --
. i~r--TI-i_r_e_c~t--~R--e~-,-e-r-s-ed~~--~ 

; tl (' ,..: 0' -_ --:.--------+-=~~--:--r---+ 
:~ ~ead. Inc~ Bead. ! Inci 

,~ z 1 29.oo: - 15.oo -

;I 11 I 

I : 80 l 58 
' lb 29.80 il4. 42 

I 

·I I 

I ! so I I i 1 
58 

, __ 3 - 39_: 0?~:::;::11=5==. 0=0==~~~~~:.:{11 
! ':ictal! i 160 11~·6 276 f: 
~---+------~~~----~~~--~, 

Stre~s 23.44 X 276 = -6460 I 
:~--~------------------------~· I t. 

,Remar;ksTotal stress = 
:L. - ' ----. -=--==--=------- -164so I· 

=-====J 
. Jl 

!~. 3. stresf3 ~i ven is for loaci of 15ooc-. 



\7ITH BOLTS & FILLERS 
~able 

LOCATION NO. 13 

I L?ad 

- -- ~-- -- ---~--, 
3 

J)ire~t ~ever sed I 
I lfl 'L -- .. ------ ~otn~ '1000:" .. Read. l I~.:-J .. ?.eado;-:- ~-~c .. ! 

3 32.00 I - , 30.QP. - I- . t I -4- -1---· 

I I I 

.. 7 I i 

• ____ .. 
r ----""' 

I 11 I 
I I 

l ,. 
! 34 50 I I 

! 
15 ! 

'• 31.66 30 .. 50 
. r 

i : 
I 

i i II I I l 
I I , 

! t...-r -7--+-:- · --- --- ·-

i~.:...W.d:..l+----..._.-_._ _______ .....___-!, j 

I I I 

~ I I I 

~~-7 I 
I l ... 
I 

I I 

I .I ,, 
-., 11 I i 

~I i --
J f) f) ! I 

70 
' 

l ~ i 

lb ; 

5.45 :6.70 i 
:j 

i q 

! 
I 

; 11 I _____ _L_ i 
I 

: 

: I ': 
·I 7 ! i "); 
:r 

~I I 

l l55 I 70 
'~-'A 

t :c .. oo 
jl 

u 6.00 .b 
I 

I ---i! ,....-- - . . .. 

: ~otall I 140 25o L :110 

})tre~s 23.44 X 250 = -5850 il 
I 

I I 

;;stre~s 23.44 x 168 = -3940 ~ 

ll~:mar ~ 
i !C~~nrts _______________________________ ._!_ 

Jl 
:~.B. stres~ given is for load of J.5ooc-. 



':'able 
WITH BOLTS AND FILLERS 

rli' 

ill . I . 

i I ' 

L I I ' J 
5 7 6 8 

LOCATION NO. 13 

N 

-- -. . .. --- ~--- - -~--:--· -----· ·-- ===n 
'ILoadT 6 -
: J_.n_ , .. : : irP.::; t I ":')ever sed ' 
: 'lCC(~.-p ~ d~-r~r~c !;e~ ~, . r~ -. I' • ; ..... ea • .l-l ej-· --:;~.u... ' - ""•: jFr:= --~- - . I ===t·-- I . 

ea • 1 ..... n c 4 i ..... c n cl " . ·-~ r-
r:, 

-~-
..Ll~ .... ~ 

I r: 34.00i 
I. 

~ :. .. ---f2-0. 00 i -
i 
' 

1 :.__
1

; :r--6 
: 6.00 . _ I' 5.00 

1 
_ I 

I:: ll~·? I : I I 

ili ---t !I ~~---:-~~ I :----
rr-1---.,-.,------+-----+---+-. __ :_• -~ i I ! : ~ 
: 11 ! . l I ;: I -l I ----~--; i ----+---+--· 

!I 71 -- -+53---l----+ 11 - .=__j_ - ~ 74 i 5_9 __ _ 

n 7 ' : I 

___ ; 34.7~±-~~-~~--t-.. t--1.· ~~115 __ : _G!_'H I 4.41 

, ~ T . ~ 11 ! 
----- ! : ,~1 __ ...;.._ ----+-----1----------4-----! 

--------- ---~ ------+---+---- :1 7 :i 
71 ; -~-: 53-tJ· !1 74 i :: 

:i 3 _ji4.oo 1 i3o.oo __;_ ;W -~, 6._oo j 1~ 5.oo I I 1. 

:I Totalj __ 1 i4"2"F 1os=~=249 "l 
1
f:>ot'll, i148 

2 

;1.18 I 266 ii : . I I I ,! ;l Stress 23.44 X 248 = -5800 ll ; ~tr8S~ 23.44 -X 266 = -6240 i' 

il Rema~~~ ___ _j !_r_o_:Ja;J~;--- I 
1 

r.==~==~-====-- -- -- :--·:===:-
1 Load 7- -- ·---

1
, in 'L Dire :;t ~ever sed - .. ----·- --- . ·- I 
j lOOo--- Read. J I~'-·J" =::ead ... l:::1c .. ~ota]' 

_3 34.aa ; - -33.ooT - + = .! 
I ! I 

f ~?adt--l ---..,-8--~_,____l 
1 1.1~~~ :Direct ! :ReYersed :j 
:.1c~0' --

J ~ead" I ne\) Read. l I ne; 'I ,. 

;' 
t 
;i 

i -
! 

r-; I 4.00 5.00 I 
'L/. - - -

I 
l 
I 

~ .. 7 l i ' 

...---t--1.--+-- -- -;-----.-..~.__ t-+----11 
l i+------t- ------+-------if-----.......,1----t----il 

I 11 I 1 
t ----f.-; ---+! -7-8-+----+--6-2--+----ll 
!~--~------~--~-----+---T--~1 
1

1 
15 34.78 ! 

-~ I 
i I 

32.28 

I 7 ! 
!~- I 

I 

·!-----~- '~ :I 11 I I 

I i 73! 58 'I 
'• 

T5 4.73 i 4 ... 4?. I 
:j 
;! 

l I 

I 
I ; ·r-u ! ______ _:_L ; i 

I 

I l ! 
! ) 

,[ 7 ! I 
,. 

I I 

I 
! 73: I 58 

~~- i 
'A 

1 4.00 _t 
I• 

V L 5.00 I 

jiiiiii'F- . ~ - --·- ~·r-;-:J - 1! 

'~otal! 0.16 i: ;146 1 

I 
~tresis 23.44 X 116 • -6130 I 

I I 

I I 

!Remnr~s Total stress = -16430 llb 
,l. ---·------l---------- =-~-:-:--===-:---------- . ;:1. 

.JI 
~-~.3. Stres~ [!i ven is for loan of ln00(~-. 

--· .__......_.__..........; 



~voCD BLOCKS 

LOCATION NO. I 

F-:=:.:.::::. ·· ... -==-.=:::.:_=-.--::::.:::- -~ ····----~------a L~d ,__ ____ 1 · li 
:~ 1n .11: Direct I reversed ' .· 
;· 1ooo,, Reacl.ITn~c~rric~-Tota~-
1 3 7. 00 i + 6. 00 + + ' 
t i :I 
. !! 
i 7 I 

11 -------
7 

, 
I 
I ! 

.,. 3 ~ 7 o3 . : 6 oo I + . 
• ' e 1 I e r I il Totaf'" . · -97 r = 94 191;1 

:l Streoo2~3.44 X 191 = +4480 t
1
i 

·I . I 
11 l I 

~~~~s _Jj 
-- -

Load 3 

in 11 
Direct Reversed 

TotaJ! lOOo---
. ,. 

Read.l!ncw Read. 1 Inc. 
' I 

3 _§_o QQ ' + \ 4 .. 00. ____ + __ 
f-· L. 

r---- -- 4 

l 
.. 7 I 1 

- J 

i 

' 11 I 

i -
I 

I 121 114 i 
' 

', 15 7.2.1 2 .. Rf1 
~ 
; 

: .l.L ' ;! 
i 

~I . ~ --· --· ·-- -- . 
l I 7 I 

j _ _ll9 j 113 
i --- • .f 
I 3 ; 

6. 02 ·. _4::£~Q . j t 

I 
, 

..... -..r 
1 ~ I 

240 ; 227 
' ' 

: T__o_tal' 467:: 
t I 11 

! 

!! stre~s~3. 44 X 467 • +10960 ! -- ' 

·~· ~~l!l~~ks 
1 

11 

~able 

3 2 

N -s 

1 

r;?:-d '· ······-; -··-----=-,~ 
! 1n J!: :Direct . f Reversed ' 
i lcoo.-~ Read. -,-rY.ic:lRead.- ~ Inc.j 

t 3 -; 3-2. a ' ==r- I + - + 
,r---~~~~~~~~~+---~~~~-

1~~-+------~--+-----+---~--~ 

I 

lr---t-----+---+--

1. 
! I 

h-,--+- . I - I 
IL~-~-- L------+-

1

. ---+-~-------
lh-,;- i : 12Q I . 1 
I f-12-. ~ 3 3. 2_0 i I 30 • ..::;;8_...::...7~: ----+---
' i I 

I: 
+10900 ,,: 

·~ 

~-, Loo.d 4 1: 

~ in.,~. Dire et Reversed :I 
!·1000'. ; Read. Inc • Read.! Inc. .! ,. 

i 3 33.00; + 
f 

3). 00 + + ; 

l j 

1-~ 
I 

•I ~ 

; 

! 11 I I t 

I lb 
50 l ~a 

:33.50 j 30 .. 62 
' j. 
I j 

·: 11 ! ______ .L l 
l t 

I' 

;, 
J! 

7 I ! r: ,. 

I j 50 I 40 
I 

I 
~ ' 

: 3_1 .. 02. 
' o.J 33.00 toe 
'~ta·l, ---~ 00 78 178 ! 

0 ,, 

stres;s~0.44 X 178 = +4170 l 
' I I 

!·Rema.r;ks : 

,L- -- ~ . ·- ·------- ... _____ 
I 

~ ----·----- - .... - .._... 

Jl 
v "D ~. tres'3 D'i ven ie for load of 15ooo-. 
~.~. ;~ C' 



WOOD BLOCKS 
~able 

Location No. 1 

T 
~ - .. \- . ~-~- .J' ,. 

r;! I 4.00 i + 7.00! + r + C,...l 

·-

i l i I i 

t 7 I I ! ! 
j 

I --- ·-. -- I I 
l lr t . 

,. I I • 

i1 11 ' I I . 
:! 15 3.57 :

43 
17.411

41 ~: 
:-----~~~~~ ~~=--~--·-·_--__ :J_=-t_j 
' 11 ·--- -~----------~-----r---+----

------,7,..,..._._ ____ -~- -- -+-

------- . : : i : 
,• : . 41 i I 40 I I 

I 3 '30.98 I =:;:J.Ol ' + __!. :ITotaf" __ 1~84 : - [81=i6s;; 
j Stre$ ~3. 44 X 165 = +3870 :11 

I' I 

tl ! 'i 

j!Rema~~~ ___________ jl 

I L?ad I 
------ . - -. ·---, 7 

- I 
Direct _~ever_~ 1 I l.n ,, 

jlOOo=---
----T" 

:2ead.l:!:Ylc .. ~otaJ! Read. 1 Inc. 

3 ~~.oo I + ' 6.00 + ! + -l , _______ _ .... -·· -+--- --~ • 

' 
I 

I ""7 I ' : 
--~ -T ----

i 

1 ' 11 I 

i --. 28 38 t I I 
! 

I 15 3.72 6.38 
:, ; 
i 

; TI 
;r 

I 1' .. -- -·- .. - -- . 
! 7 I 

i t 25 l 36 i I --- ------·-· 1 I 3 i 3.97 6.02 J I ' 
1 - I 

-~ I" . 
I 

:! Total' 53 I 74 127 .. 

:1 streJs '-:s_3. 44 
i 

X 127 a +2970 ' . 
~ . I --
~~~~~ks I 

:! 

., ll I f! , I ..L 

;6ota11 ! 64 1 66 1 130 i: 
'stL·esr__1 

&,3. 44 X 130 = +305~'! 
It:> C\....,, ~ ..,... : r,..... 
;[.v, . .:,_;., ... ""'"' 
~ I --··--·-·- . I 

,_.__ -:1 -

I Loadt 8 
· i~ Tiirect ! Reversed 
, .. , - -· I . 
:·.i0·)0 ~ead. Inc. Read. 1 Incl 
I ::; j 34. oo .. ! 3 2. oo ! .. · I 
-~ 

ij 

I 
f 

H 7 1 

:r- -- I 

i - -.-., 11 I I 

I 
I I 

l 30! 4() 
lb :33.70 132.40 i 

I I 

; ;_ ' 
! 

·r 11 l _______ L_. ! I .I ! 

l 
: l 

~I 7 ! l l 
' I 28: :40 I i 

'A 33.98 . l32.00 u ...... - -~----~ 
l ~ota1! ; 58 80 

stresjs ~3.44 X 138 = •3240 
I 

l 

' 

l 
;j 

t ,, .. 

~l 
~ 

I 

I 

I 
l 
'i 
IJ 
I• .I 
l 

l; 
! 

1: 
I· 

;t 
1 

138 '! 
I 
! 

j:Remar;ks ·rotal stress • +12900 
,L- ____ ___J__--==-.:.... ·.::.:-.. -:-:: _-::=-=::::.:-·-- ------- ]: bs. 

····----.. 

Jl 
N.B. Stress given ie for load of lnooc·. 



.. 
':'able 

vJOOD BLOCFB 

-:.·' ., 

E 
< • I " . 

. ~-· .· . •. . IJv 
'~~-

'_ !'-•····-··'-· ., ......... ' 

Loc«tion No. 8 

rt1?ad. ~-~~~-= 1-~------~--]! 
· 1~g0i~~pir_~ct __ -+:;re~~s_~d_· ;. 
. Read. l Inc .. · Rcac1c i Inc .. Total --- ·. 

I ~ I -u 30.00 + r----27. 01D + + 
: ·- -

i i: 
~ 

7 i : ~ ~ i I l 
-·4 ~- i! 

. i ., 

' 
TI ! I 

! 
,. 

I 

' 
I --+~ 

1! I : 55 39 i 
;• : 

l' 15 .29.45 ; ,2?.39~-- ,I l ~ _.....___ 
~---!: I i i I . ----··-- -+-----r-11 I I ·- ,. 

: --------- --+ I 
.7 I 

I 

5t1 I 39 
·1 3 ~29.99 :27.00 1 

:1 Tota'~- ____ to9 f"" · 78Is7--;-J 
I ' ----------~--~--~~ 
~~ Stre~ 2,.3.44 X 187 = +4380 ~~~ 

li Rema~ks ________ J 
---

Load 3 

in •. Direct P.eversed 
Totaj looo-- Read. "f Inc. :2ea.d.l!nc. 

I 3 ?.R_nn ' + ~31. 00 + + 
~· ~ 

-·- .. -~·-· 
I 

.. 7 I i 
-

I 11 
143 124 

1 .15 26.57 32.24 
: 

: 

TI 
I· 

! 'I 
I _ .... ---· _ .... ·--· --. 
I 7 • 
; I ).4~ tl24. I i ---
I 3 !28. 00 31. 00. 
~ 

.... _ 
286 .248- 534~:. 

l Tt)tn.J 
534' 

I ! . 
SZ.44 X = +12500 

1 
Str'ee 

o: 

I 
.. 

J~~~ke 
, . 

3'1 ~:· 2 l I 

! I 

;::)~1 __ _..:16 
-· ~ .. .. .. ........ --.~···· -- ~-·:-:::-·--·-·====n 

t L<:>ad r 2 I 

~ 1n 1~: Lire et I ?.ever sed ! 
. 1 ( or·. -- ··r- ·------T-- I I 
~ J j ; Read. · Inq:Read. I Inc. 
I -- 1-- ===r ==T . 
~ 3 I 14.00 : + 18.00 + + 

I+------!-------4-------f-j -- . 
I 

I f ----------' !145 ;130 

~- ~12. !?_5 ; ,19.30 
I 

i l I i 
11 ' i 

I 

I 
~7 I ; 

! - i 

I 14~ i fl30 
-I 3 14.00 3.8.00 ' r---------. 
Qotal i290 260 550 

stres~ 23.44 X 550 = +12900 
.... ·- ·- __ ...,._ 

~lL9~d 4 
~ ~n Direct Reversed 
!· eo(/· Read. Inc. Read. ! Inc. 

i· 

I 

.j, ,. 
! 
q 

" I, 

!I 
!i 
ij 

1! 

! 3 ~8.00 ; + 16.00 + + I 

t 1 
I,_ ~--~----+-4-+-----+--+---.~~---.~: 
'l11 -----+---~----~--~--~ 

33 ~0 

.t 

' 

\ ..... 3 . rt 8. 00 -~=1•1.:6;:.. 0=2=--t=~~--a:tli 
! ~otal! ~106 78 184 ·

1

1 

streets ~.44 x 184 = +4320 
I . I ! 

t 53 ~ 38- ' 

.~--~.-------------------------~ 
~~~marts ! 

- -----::======='Ju - :: ~ 
• . .6 

K.!. Stres9 given ie for load of 1500~. 



\Vood Blocks 

LocL:~:rron NO. 8 

I. 

10001'- Read.Trn~c~cact'"'": ~ricjTotal; 1 

I ';! 29. ool + r-~g.oq + I + u ---
I l j 

i 7 I ! I 
I 

- \ -· -·- ! 
i 

, 

~-~ 15 :. 29. 29_~- ~8. 60 I ,! 
j I ---+-!·----+-- -!-----
_____ ......_.. ___ -------- ~---------~- _j 

:__!~--~--~-------------~'---+--~ 
i -----7=--_.________ - -,_. ----+, ---+-----; 

I 

I 24 I 38 

- - ----···- --
Load 7 l 

in Dire~t P.everscd I ,, 
Tota~ lOOQ:"" 

·r 

~ead.l!nc .. Read.J Inc. I • 

I. 3· ~Q.QQ I + • 31 .. 00. + ~-!...... .. ---- -· ... 
! 
l 

.. 7 I j 
_ ............ 

I -
I 
I 

I 11 .. 

t I 19 33 
I 15 30.19 30.67 
! ~ I 

I 
i 

I ~l 
> ., ,, 
1 

~'"' -- -~- ·--· --. 
• 7 

I I )~_7_ 32 
I ---
i 3 !30.02 . 30.._99 1 
I 

i Total' 
·- ..,... .. I 

36 165 11Dl i, 

I 
t 

11 stree s ~.44 X 101 = +2370 
t 

~m~~ks 
-

S:able 

(l ~· I : 
I I 
I 
i 

s ____ ..... ! "-------N 
5 7 6 8 

··-··· ---· ~--- - --:---· ---·====n 
li~ad! 6 
; 1n J~: Lirect t Reversed 1 

1 ( c (' -· -·y- -----r-- I I 

~ ..J , __ P : Read. · In.c~Read. ; Inc.l 
; - .. --~ . ==r ===r I 

11 

3 
:15.00 ; + 

1

,19.00 I' + 
1

: + : 

I ? I , 

28 

58 89 

X 89 = +2090 

, ____ - . ;:;: 'I 

11 LO:J.d 8 l 
: in.L Direct I Reversed :t 
~·10001 · Read. Inc. Read.! Inc. :r 

1: 

: 
.. . z 19.00 ~ + 14.00 + + : 

I 

' 
r ; 

l V ,._. 
I 

I ... _ .... ' 
I ll J 
I 261 43 

! . 
t 

~::> :19.26 :13. 57 i .• 

!, ~ : ~ ·' I 

; f ll I 
. 

~ ' 
_ ... --....... : j 

l 
:! 

I 1• 

t 7 ;; 

f 26 I I 43 ; 
3 

i lQ 0~ 14._00 

'Fatal. [1.38 I 
't:t2 86 

Stre~s 13.44 I X 138 = +3240 

' 
I 

j·Bema+sTotal stress .. +13200 lt 
!~...... --·--.... ~· ....... 'J .-...........~~-... .. 

a. 

• .4 

N.!. Strea! given ie for load of 1500cr. 



~at le 
WOOD BLOClili 

5 

Location No. 9 

:. e a T n c · · ~ '"' c.: •-r~" 
•' - - .. 1 ..l. ·==1:~.1.;. ~' .L.L. '-' c i 

r;! ·-
V 28.0Q -+_ 130.00; -

i f ! 
~ 7 ! I 
r 

'I 1 --- i----

I I : I 

---=7~--------- -- ., . 
+---; 

1 ' 

L 53. I 28! i 

:1 3 . i ?B.QOi __ :3o.oot 4:: . 
:I Tota~ ll06 ; 56· 1162l 'i : 1----· . : l 
·i Stre~ '3.3.44 X 162 = -3800 ~~ 
11 I ;l 
11 Rema~~ ________ J 

: I I 
j 

' 
~ 7 

I I : 
J 
'j I i I 

I l29 I 1129 I 

I i 
-· ! I ! I 

-- -- --·- -- ----

l L?qd: 3 -- -----, 
Dire~t t ;:0vereodd 1 

I ln 'L -~--~- . "':) c .. J ! T I" . r7' ,.., !l I 11000:-.i R ea :1 ., l I - --- . , ... _ v L _ ~ o . _ ~1 c .. ~- -... t c..]. 

~~3-TJ3.00! - j Ql-~ -~ 
,--. 
-+--- .. t 
l f 
I -· 7 : i 

I ,, l +· . -r---- "} 

I 11 I : 
~ 

·-----r-
I 

: 150 J.28 
t I 

I 15 I 2n .. !10 32._28 
: I i 

i 

:I II : i ·-
I I .I 

I 

rL?~d 
-- -

4 l 
'I 

- lr~. ~ire et Be7ersed 
" ~tl(' r~~- if .. .._;..) 

_J ~: ari~ Inc.., Re.acl. ' I ne~ :L. I 

r ----=e:: -~ l r,: 

I 18.00 18.00 1 

' ......, - - -
i I 

., I 

i 
t 7 I I 

I I 

I !:- t 

I i 

.J I -
:j 11 ! I 

I I 

I i 50 i 26 
l 

_l ;j 

lb 17.50 ; 18. 26f l 

I I 

:j 11 
l 

: ; 
j ____ _L __ i 

I I : I ,i 

;, 7 J I 
I l, 

:· ·I 
I i I 50 I 26 -I 
i I 

'7-. 
t 

I• 

u l_B .. ~.OQ _ _!-=-= tl fL on I 
I --.:! -- -. - --
:~oto.ll lOO I 

15? 152 i' 
'I 

/) •I 

stre~s ~~3.44 152 -3560 
11 

X =- ;. 
I 

I• -I 

,:Remnr;ks 
:L ------~---·--· -=-.~-:=-. ---------- ~---

-~--- --- --_, 

Jl 

=~. 3. stres~ ~i ven is ft;>r load of 15oor:-. 



WOOD BLOGY~ 
~able 

Location No. 9 

0_ n . 
1 ; 1 ll 
I I ·. 

~-.--J.h 
s 

-~-----------

7 
--- ~-------~---~----

I 

16 -----;- 40 -;----: 
~ I ~---· 

., :; ~ 29. go i ;26. Q.O_L __ _J _ ____L· 

·1 TotaJf" ___ 1 32 i i aOJ 112:1 
! StresS \3.44 X 112 = -2630 ii 

I 

!) 
--- -=-==---=·--- ------ --~ -.......+, 

j, ' 

11 Rema~~~~ 

l Load 1 7 -~--- -· -· - -----1. 
in ,.l Dire -~t ~-:~:-ve:r 2cd : 

! 1 1r:· r:=--. n ea_d ___ f--f:-~- --;::_~-d!-,- r:1c-- 8 ""'t<-01 ]I 
i ;1 " ~ "- - - ._.~ ' - • ......, - " c• -. .. ~ -A .._. "" 

' \ -1·~-·-~ 

I 3_T-~2,oq ---.-2.!h.9.J t ~-1 
.. 7 ; ! ! I I . I , ~-- ~-·- ---------+---+---•, 
~~ :1 
it-E.~ 
f 19 37 
1----+---~--+--'"--1---7·--

r-io-~dr--- a l; 
, r'~~:t__:irect ! Be.?ersed I ;j 
: ·1 oJ .J · -,~~a,.; ~1 ...... c ·.:>ea· _, 1 IYi c · ,: 
, I j ~ · 1,._, r L ~ .!.1 ~ ;.> .[l I..L e · .._1 1J L 

F=·--:t -- ·- ----::w=:::= .. ----------'1 
I r-; I 13 00 19 00 I I I t--L.·- I • ---+ • - -

I 

i~7 I 
! 

I : 
I 

I ·I 

I J 
-....J 

! 
If 

I 

:I ll ! t I 
I I i I 

I I 16 ' 
I 

I I -! 38 ., 
lb 13.16 : lR ... A?.I 

! 

T I 

I I 
r ll : ______ _L __ I I 

: i 
I 

:, 7 ! ! I :I 
I l 138 

~ 

~~-- I 16 I I 
·"A t 1 I 1: 

~ - u 1.;3~_QQ__j I 19. 00 I I 

'I 

-7~tall ·--! 32T ___ --~~---~___.........., -
176 1108 1-----:-- , I 'I 

•l 

Btre9\s ~3.44 x 108 = -2530 :! 

I .,. 

1 J~emnr;k:s Tot9l stress • -16350 lbs • 
,t... --------~- ·-· .:..:.:_-:=---:::=------------ ' 

-·-·· ·---.. 
Jl 

::. 3. stres~ given is f.or loan of Jf),_,~or:-. 



WOOD BLOCKS ~·able 

Location No. 16 

3. 0 ~; 2-. 
: I 

"1 ! I 5 
I~ I I . 

L
L ___ _____:_II ll_l..___ __ ....a;.._ - 4:-. 

~~L~~dJL ~--;:~~e:~_iL_~~~;,r-:_~d-~----~ l_f 1IL~~d,. 1 Ti~P ·t ~-')e:~;se:=~.-~----~----
- 10007'- 1 ---r - ·'' ( -nr~· -- ~.....::__':'_! ___ · -~-· ... ' : 

P e ad - ' n c ' P --~ C" cl .. ----. c I"· :.1 + ~ : :1 -- j ·~ · ' . :J e ~ ..::~ .. I_'!. I ~ ..: ""-~- e 8. u.. .- In ~ •I ._ ~ e .J.. ~- • I •· .. ~ \. _l_ l. ~ . C I " - _.....,,..;_, - "-...A.. '._1 r~ - ..._, -~ • 

, - · -~ ::=:-..:;:;;: ~-- .=; _.: ::r -::= -_---, ---· ===r- =======F1 -=:=f===~ 

4. 00 -+-~- ---+--2· 00 I - \ -; :t--0 ; 33.00 - I 34. OOi - 11 -

7 I----+- 1 ~: 11---.;--f~~-+----+ 
1-------'_----+--- ·---t- ______ i _____ --- ~----l-1----' ----- I I 

l .l I ! : I 'I' : --- --- -~~- ~- I 

. i : I '· 11 I 

I : ---t-----+- I -~ iL -··---- -: ~---+----+---------
' : 47 j j 35 I ih-- , 1 136j . 12==-:..:5'-+-f--

15 4.42_~ _ _:_ __ ~_5-r-- --r------ !rlf2_ ___ ~ 34.36 i ~-2~_7_5_---~·---
--~ ----~-- __ .:._ ---- _.: ________ ~ ---~_J rl I I I 

11 I ' I . till ! I ' 
' ' . I I 

I 

___j --.--- -r- I 
: '· . 7 ------- -- -~ -------~ :,--;.,--.)-----+-,-----,-----~--

__ _....._ ____;_ __ , ; ., --~'--+----

47 -- fl 35 ! --~ lr 1 1 136: _ l 1.:::.2.:.5...._1 --
,-~ -3--~-4-.--o-o-i ---6-.-9-0-~.::;_ ~ - : :! _ , I 33. oo i o_-bg4 oo! l i' 

:I T o t a~ _ _ _ =r94 i - __ 17 0- -1164\ i,fo +_., !=)-~ 1_~1:--' ~z:------_..;,_,i ..;;;:2~7.:....;;:~~--·--_:.i_;;2:..;:5~0~i 5~2:;::::.;2::::.--;;~ 
\ Streffi i3. 44 X 164 = -3850 :1 '::;·trP sf -~3. 44 x 522 = -12200 ;: 

i; - ;1 ;;De·"'~~-;~~-------- ----------- ,, 
~Rema~~~ _~-----------~! ~~r~~=·~=~~~~=0~~~~~--=-~--~~~~~~~~ 

r-;:==:= ~-- -11 :s 03-d 4 
:1 ~~: __ :Direct J ~e-rersed I 
.. le j -~--a~ I'')C ' -..Je'.:l(1 I Inc 
;~ ~ _ \._; t.:.. !..1. ~ .n ,..-A- le .... ~ 

-i 

--- -- ::e -· . I '~ 

I r"/ I 32.00 32 .. 00
1 ·I '~ 

L/ - _ _j - -
I ii 

I 
I i 

!~ 7 
; 

I I 

I ! - I 
.: _ _.__j__ I i ll I 

! I ! 
'I i I I 50 

I 

I I I 28 
lb 32.50 l :3]. 72 I 

~li.----r-r-~--~-~---t--- I :: 
I j i ~~ 

!t;,__ -7-: --- 1 ! I I __ 'I 
.r ' :, ~2 i i 1 2, ~ '-------- ----:k-V -r--· I :l 

~-- 6~99-u:l___ l7.~Q_ -~----
t ; '264 i . ; 2441 508; 

3.44 X 508 -11900 

I 

j 
I 

i ! 

'; 11 ___ _l __ i 
--

I I 
I 

;! 7 t i ), 

·l 
I 

I 
I 50 I 

I 2R i 
'~-- i 

:~_3 .-L~-2-~~o~~b :32.00 
I ,_ 

I 

'I 

·-. --~---
- r.2 o tall !1oo 56 156 •: 

<-,t 1 
: \3 

i 

•..i 1 e 8jS • 44 X 156 = -3660 
i! 

I 

I 

1 Remn.r;ks 
:L - i -·-· -. ___ -_____ -__ -------------

Jl =:. 3. stres«J ~i ven is fQr load of 15uoc~-. 

··----



\flOCD BLOCKS 

·r··A~ 

EL. ~~~-; l :ts..Vi 
Location No. 16 

N. 

5 

~able 

r:n 
! 11 s 
i I J • 
I I t 
~li -~ 

~~;~~- =------- -- -~ ---=-~~·e-o.. --===l; !!Load! 6 --= ------::::=:::u-· 
·, in Jf- -Di~~-;tTr8-:r~rsecl-,1-! ----f! ~ J.n, ,,i ~ir0-··,t I '9eversed ·-r 
: 10001' r-- -- --------t------:'1 - --~ ;' ~ ( r· (~- ....., .J""" -· • · Read I Tnc :~r:.nr' ..,...l"l,....lm""tc--1! ;1_\_ .... \.; /~.~"?-::-;-··-I;~. ;P-eP~ Inc I 
. • • i ___._- . • !_-~.V ~ ~ , ..LJ.: -· (. _I -.~ • -"'-Y , ; • ea ~.1.., - "'-'"'-. ':NU.,. I ~ • 

[· z 7.oo; ~--¥-Loo_~ t
1

---- ,; r ~- r 32.oo: -! 31.ool! - I. - :: 

7 I t- i , ' i -----;----t--,--r--«4--~ 

1; II 1---~r-=-t------· __ l --~ -~~~~~~--~ , 

!1 1 \ 27t--T39i-~: if-·----:- 23 I : 38 

r :: : ~~~~=----+~· ~~~~r r- -, ! .. ~b:;~ _p~~ ,1. 3-=8~---+---
,, I 

__ 7 ______ ·-=-------- --+- ; i I !111:1·--7 ~~~ __ -___ _._,I -2-3---+-':. ----t,-3-8-t-11 _ ____.,:; 
: 27 i ---, 39 ·--! --: 

! ¥ . ! I I I I 

:1 3 v.oo 1 ___ _Jg,.oo L--=l---. :! 3 I 32.oo i ~-oo1 
1 ~· 

pota~ ~--'54 I l7s 1132 ·: ro'c.-:1:., i 46 I ; 76 ! 122 ,: 

.! Stre~ ~3. 44 x 132 = -3100 lj : ::tr"s~'" ~3. 44 x 122 = -2850 :; 
ii . ~~---,-------- ..._.....__...11

1 

iiRemar~~~ ____ -_ ---·------J! :_rc::J~fs _____ ...,. 
- ··-

.::::-=~ I Load i 
- - ·---- --

7 
J). t l -- . d i 

1 in 1J 1r_~-~ .. -·------ _ _:·:c:e :r~~~- i , 1r:no- -~ "Pea j l T'' -. · -:-)Gq d :T ,..!C r,r,t~] 
: J -' ' .,._ L 1 " l .. -- ..._; . 1 _,_. L ~ '_ r• ___ ..... ..J ~ ·_, I.... ... 

~3 l ~.oo !- i.oo=i - i - _l -- --+-- -I ·-? 
I f 

j ! 
lj 

I +· -·---r---------~ __l_ 

! i 

I ! I 11 i 
! I I 

24 i ! ! 39 
! 

15 3.76 
! 

I 4.391 -1 . ~ : i I 

:1 J.l 
' I 

1r ..... · -7-.;-1- · ·-· --· · · - ~ ·-- ··--+---------t----i~, 
fl 
.1 

= 

-· ·r . -· I z i 34.00~ 
I I 
I 7 : 
I l I 

! -- I I --
.: I i 
.I 11 ' I 

n-- I I 
i 

I 14 I 
; 

lb ! 33.86 
I 

_i I 

'! 11 i ______ l __ 
I 

: I 
I 

;, 7 ! i '· I' 

I 
I ! 14 I r---::·- i 

'A 

'~.~!_QQ_b t..J 
! ,..._. - ..... .-•• -... -4 

: ~otal! I 28 

stre~s 2.~3.44 X 
I 

I 

33.0~ 
I 

-

I 

i 37 
i 33 ~'71 
I 

i 

• IS7 

133.00 
-

74 

102 = -2380 

-

·-

1 
" 

·' ,j 

- ,j 

·I 
i 
! 
! 

.I 

~ 

' 
'I 

I 
ii 

I 

; 

), 

l 
I 

I' 
I 

'I 

102;, 
,I 

:I 
! 

! Remn.r;ks Total stress = -15,90ol.lb.s4 
. L ----~- .. _ . .::.:_-::::.:_-:::: ---·- --· ·- ----·---., 

Jl 
:·~. 3. <) tres CJ ~i ven is for 1 oan of 15uoc-. 



CEI/fENT BLOCKS 

. ~-'h', 

~- ..• \.·~-
LOCATION NO. 8 

~able 

3 r. ~ 2 

: I I :I! N 

j I!: I 4 
.-r:=::===------· L~ 

s 
1 

·,----- ----- --·- ·~ ...... 

'J L?ad r-- -----
: 1n iL 

I 
~ 
f 

Direc 
. lOOG ~- r--- ·-----

Read.l -~ 
r;! 18.00 i '---' 

i --
7 I 

---+-

f-.-- ~ - . - ·==-===;:.:.:===:.:.===...:==~ 
I' I 

r:::::=~=====-=--=-==-=--=--..:..-_-__________ ------. -----
;I T !)' dt 4 ·I ~i~- T·i ""'8 r+ I :S3-.rArsed 
t
r J~ ..V. ~ '-" ,.~ I 

; 1 r' 0' ~--- I ~__,... _ ___., 
' 

• ..L ~ ..~ • ·.::> .... '1 ~ .,... c R e.P <.1L· • ' ..... j_ r.-1 • "' " 

Load; 3 ' 
• t ]) j r e ~ t J -_ .. :.· ':' v ;:r 2 -c d. I ln .!L - --- .. ------ ·--~-T··-- I 

! 180o---. nea·~ ~ T,~ ;. 1 -:lt::'>..:.. : T rlro. r.lr·t"1] 

" 
-I 

L J l.l ~:; ( (A :. _1_.!. J . 0 • :.k - '-' 

r-==·- -=i · -- · ...... x. - · 1 '·; 
:~_"--'_·~ _j_3o.oo + 29.oo + +-~ 

0 I ' .:.\ ( ..J. ., ~ i. - '-' ' '. J. • '-" L • 1.1 1.' _ ... \ ·.I _ '..; '-v 

' I ~ -=~- --·~-~ 
3_~_a.oo; + _ _lJt..Q !: .1 

+---- ' I I . 

.. 7 I 7 I : 
i : 

~-------+-----~---~---

,1------t-----+-- ----~--~-----+--~ ----t---11 ~--- I I I 
I --· ~ I ' i _J__ ----+----------+-----lf----1 

-+------+----4------

:i 1-l-_:; ___ -+---t---~---t·---u i ll ! i ! I :1 
r ·250 1182 . i l I 77 

1 

. ; 6 !1-----+---_,...;~~---:,---r ____._ ___ ...._ ____ _ 
15. 50 ~ I 2 o. 8~ I ---i -'--1_0_-r,-2.....;9_.;.;.._2_3--+-! ____ 2__,9"-"_ ........ 0 ...... 16.-.,1 __ 1--_---t ; : +- I ~·----~l-------~i1 ----·------~!--~----~ Jl--.r__,r-t-----,:-, -~j ----r~_-· I .Jt :! 11 ; ______ _L ________ fr--. --+---

, , , ! l ; I if 7 j···- . t···- ! ! ; J ;!;,..___7_ ....... 1 ____ +1-~!----7---r----<~l 
j i250 I ~I ! h I l 77 I 6 :} 

!, 3 -----:·- --+--- .. 1 r~ ; · ·; 
11 _ 1.3.0<l:ds•- .... Jl~eOO * -~---~ 3 .! QQ.~QOj __ _j__29,._22_,.. '! 
.>rQtuJ, i500 i ~64 1864 :. E'otul1 !154 1.2 166 !I 
,stress23.44 x 864 .. +20,300 ~~~ , :::tre;s 23.44 x 166 .. +39~1 

jl_::;l!la~ks ~ {:~~-- -· _ ·=--:-=:--==----- __ _ ________ I; 
Jl 

:~.:9. stres'3 8'i ven is fQr load of J5uoc-. 
•, 



CEi.ENT BLOCKS ~able 

LOCATION NO. 8 

- r.== -·-
1 Load • 7 ~ ---- -- - -----. il,~:J.dl - 8 

1 in cJ Dir~___!~ _____ j}~':'ver":_cd_ I · inJ I;irect ! :Re·re~ 
: 1 :JC' C • Read. J I'.".:.: : :::e ~· j ., ! ~ :w. ':: c ta~ ijrl· c_·~~--, ~--_R-_e ari" .In c _j :Rea<f. _rn.c, 

I ~ ,_~ --- l -1~----: - :; - I -

1

,_3_£!3· oo ; - ~1LQ91 + t !. _, l-z _ 12s. aa _ _j 28. oo , + 

"""--.-. 7-----,---- I ~ I r-· :l-7 ! --:-~ ----t----+---+---! 
I· ~ ~ •·- --~---r~+---·--+-1 --11 ~~---- I I 
;,: 11 11 i 1----+---+----11 : : ___ _L - ---r-1, ____ ! __ --+---+--j· 

'I ll ; i I i :_.,. 

r · : 3o 33 tl 1 : 2o , 1 49 I 

~--~------~--~----~--~r---;1 15 I ~------~~~--~! 

.15!17,70' !l6.67i. ll •j ,25.80: 27.491 ' 

j n i . i 1 f-=) . u ~ _ _ ___ L _________ ~~----+---; 
_f i ,J ;.._: __ _...: ____ -"'------+----+-----.... 
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=·~. 3. stres'3 given is fQr loan of 15uor;-. 
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~.3. Stres~ given is for load of 1500C~ 



VIOOD BLOCKS FILLER & CL A.MP 
~able 

s 
3fl l2. rl ! I N 

jil ~ 1 ' I -~ 

~"R ~ 
LOCATION NO. 9-A 

\ 
L_ ___ ___:,_ 

~ 

'ILo.ad- _;::_ _____ --1-- ---=--==c.oc:cc'-0~: i~r~oad r . - 2- --~==-===:t---. 
---=-------t-- ----- ---- -.---_j t ----------.------- -~-- --- r--- --~ 

·- 1n JL Dlrect · re'i.rGrP2c3 1 
1 J.n ,.: -~ lrn ·t 1 ~eve)·sed ; 

- 1COO''- Re_a_d·-----,n-c---4·-:;:-:~~--:---.-:- ---I'Ti ""'+ C"l : }_ccr;- P ~d-~ --:.-I;,-· ;~e· -~" 1l1 · I. 
• .. ..!. •! ,~..,;; '-'~· .L:0.-Cc,- "'- __;,__ ' 8b.- r. _:'___,.,;_~ , -\.A.r I ~ '-'•_ 

==~~====:t==--=-:.::::·--=r ~-- 1- ;::; -=4- :..:_~- I - ::j- - ==T. ~ 

H----4------+--: -----t- ___ .1,. i; 11~-t---------------+ . . 
'i 

s.oo L~- 12B.oo- --f----: -;-0 ;16.oo . ~s.oo 11\- ,:-

7 ' . I I· I ' I ' i ' 

l
:ll--1 ------'--·--+--- --1- ----~~- l -~---· ;., ------+-------- ·-~~' ---
1 11 1

1 
I ! : , <

1 

1 ~·~r1 ~ -~~""--:-·~--. ' t I I I l - ! . ' 
;~! --~~--____;;,__. ·47 -:-35-~-~. 1! ------- ~: -----ua; 120 

15 ' ' 1 I -, -~-- I I 
___ -_.::;;:2;..:::::5-=-•..:..:5=2~-__:_28~B+--- -+-----· l 15 ___ .. 14._72 : f-19_.,~2~0:...._----+ 

I ' I 'b ! : I . 
11 -~-------·--- --------~--!-~-= !l_l __ : _______ --1l~_ ..... j ------+----! 

: i-- I, ' _ __......, ----+-! ---....----~---... 
-----·--- -- .. 1' --+-; - . Jr--ri :i 

----- 47 ' --,-3§_-!_= : ''- I '128 i -~0 I '· 
7 

·i 3 ,~26.oo~ ·28.!'QQL_~l--~ ,! _·~ lls_.ooj ___ ~i- l 1! 

:ITota·~.- !94 i- 1 70jl64l ;~-o"'ll! ---:-256-1 - f24o 1496 :i 
l : I I, 

.:.· stre· _'_'?3. 44 X 164 = -3850 11 'r-t b 1
1 

,. ~~ ;i ;:.:_.·_:~~~.t.-._?~~44 x_~_9§_: -ll60.Q_J 
il I I 
~~~r-~~ -=--=------- ______ J! rc~~::Ci'3 :=; 

r:==~::::::==:=::--:::====-:::::-_ --_____ -;:--_-----. ·----

1 
Load ; 3 ·--------------: 

I in "' Dir~-~~---~--.1 ~~::_:__s:~-~o~ _ ; 
· 10(~(:=-:. ~P""' ·:i : T,.- -. l :)-"\'J ~ :, ,. c r.1r.t.-. .,1 

I -\ ,_,d. ? \ ~ :_:..._j _ _:.:.::_~~-~ t• .. • l - :: -~·"'-~ 

3_-r:Oo ; ~ 29~0~1 ~~- - _i 

L------'----- I ' - I _ __j 
.. 7 ~ i • I 

~----+--- -+-·. --- r----- -~~ +-----+----

T11: __ : I 
~~,. -+- 120 t l'nal=:--~~ 

-1-----+----

fF 1o2dJ_-.:.- - 4 
·I in t T'~-, -,..-e-c-+.J---r-1-P_e ____ rc-:;. ~-,,.r---_ .... e-d~~~--_, I J:. ~-··... I ........ •J 

;-l~'Jrr ,· "2)-.... - r· ... ,c I -.::>e:,")-1 -, -Inc 
~-==-- J ~-l:;a'1:. !J J~ n ,.~~ -· -L- . 
I r-~· '19 00 '2 :! 
~-<----~ • . ---f - ~ 
d I I I 

:~7 I ---

·:--·--L. ---+---+-----+-----+---1 
j ll :j 
!r- 46i 42 !j 

lt 
I 18.54 15 ~29.80 1;30.18. I •. -....Jj 

I ! ' I 'I . i· 

I 11 ' ll ·+-·--tl ·:-11 ' I 

.~ . +~I .----- ---_-_-... i-_--_--~---~--+-----(~, 
;t ry I • - j t ! --+ ,, ;I 7 I I 

1 ' I I ~ I ~'--~4-----~~--~----r~-r--~ 

:i · _____ :l2_P-1----illj~-:J : ,-~~---...!-! _4:...:6=-+-'------:'-4_2-+--~,; 
;~~-31~9~-l---"'P<E9~9_l ~----: ~~ _ 1 1~-~_oo,~-_,-=*~~~F=-~*===-·~·! 
. ; rr c t a i j240 1 . !23 6 14 7 6 ; : · ~ o t a 1~ __ ---~..· __;:,9..:.::;:2...;.._ __ __,_~~-l-7_6 ___ : 
'· ! -1 

'!streSs 23.44 x 476 .. -111501) Btre;s 23.44 x 176 = -4120 '1 

~~~~mar:ks ~ !t_:_~~--- ~--=---:::--------·---::. _______ '"( 

Jl 
:~.B. Stresc:3 ~i ven is f~r load of J.5uor;-. 



~able 

WOOD BLOCKS CLAMP & FILLER 

LOCATION NO. 9-~ 

s 

r: ;·I 
~ I 

: I 
I • • 

l ! I 
I I . N 

/I Ilk f -----------~· L_-_:-_-_-_---_ -----"'~ 

5 7 6 8 

r==== ~ -:~- -
\i T "'3.d 8 
· 1 _J ·r. n.J~ r: i re c +, ! ~ e "'e r sed I 
.1-lrr·.~ -- ---+--··--=---r----+-
• ~ ..1., -.:>--a,; I"'··c · ·oea· (, 'I'V'lc l-:-..:=-. __ j ~ l; t ~ !_. 4-- .LL \.le X- .!.~. ~ 

·I 

:I - ; ~~- I 1s. oo - .-1 1 7 .. oo ! -

:t- '7 I --r'· ---1·----+---+---! 
: , .. - 1 - -----ll~--+-----t---+---!' 
I 11 l I I I :1 

: 15 e9.31 26. 64i r 

~==:=::::::======::::::::=~-~~.-~-l -~ : ____ l __ ·---+'-~---; 
t I 35 i I 37 
~~~-------~--~-----

lb 18.35 16.631 
: I 

-~----~--+---~1 ~: ----~·------~'--~~----~--~--~: ., . }: 

·I 11 I 
i I 
I 

I i •·- .... I ... --· .. ... 
t! ; • 7 I I .i 

:_ _ __., ___ -+--+-----t---jr--' :· l 35' 37 :j 

O
i 36 I -:i ~- I I " 

! r 7 

1=:::::;::=-=~~~~~~~~~~...._~~ il l.=-·3.! ~J3~_007!-~::1-17.,.9~. _ _;! 
T'l'ctaJ] - -- - j-62 1 H';72'"'(f3\ ____ '7otaJT - -: 70 I 1 74]144-[, 
:!streS.'s 23.44 x 134 • -3150 1: ~tre!3\s 23.44 x 144 • -3380 i! 

fi :~R-.e-m_n._r_,_~-.. s-T_o_t_a_l_s_t_r_e_s_s--=---1-5_9_4~ bs. 

1 :t-------~----- -----·----·----------- -·------· -· ~ _.....,__.""'~ 

Jl 
:·~.B. stres~ ~i ven is for loari of 15uor;-. 








	1927_MORRISON_0000
	1927_MORRISON_0001
	1927_MORRISON_0002
	1927_MORRISON_0003
	1927_MORRISON_0004
	1927_MORRISON_0005
	1927_MORRISON_0006
	1927_MORRISON_0007
	1927_MORRISON_0008
	1927_MORRISON_0009
	1927_MORRISON_0010
	1927_MORRISON_0011
	1927_MORRISON_0012
	1927_MORRISON_0013
	1927_MORRISON_0014
	1927_MORRISON_0015
	1927_MORRISON_0016
	1927_MORRISON_0017
	1927_MORRISON_0018
	1927_MORRISON_0019
	1927_MORRISON_0020
	1927_MORRISON_0021
	1927_MORRISON_0022
	1927_MORRISON_0023
	1927_MORRISON_0024
	1927_MORRISON_0025
	1927_MORRISON_0026
	1927_MORRISON_0027
	1927_MORRISON_0028
	1927_MORRISON_0029
	1927_MORRISON_0030
	1927_MORRISON_0031
	1927_MORRISON_0032
	1927_MORRISON_0033
	1927_MORRISON_0034
	1927_MORRISON_0035
	1927_MORRISON_0036
	1927_MORRISON_0037
	1927_MORRISON_0038
	1927_MORRISON_0039
	1927_MORRISON_0040
	1927_MORRISON_0041
	1927_MORRISON_0042
	1927_MORRISON_0043
	1927_MORRISON_0044
	1927_MORRISON_0045
	1927_MORRISON_0046
	1927_MORRISON_0047
	1927_MORRISON_0048
	1927_MORRISON_0049
	1927_MORRISON_0050
	1927_MORRISON_0051
	1927_MORRISON_0052
	1927_MORRISON_0053
	1927_MORRISON_0054
	1927_MORRISON_0055
	1927_MORRISON_0056
	1927_MORRISON_0057
	1927_MORRISON_0058
	1927_MORRISON_0059
	1927_MORRISON_0060
	1927_MORRISON_0061
	1927_MORRISON_0062
	1927_MORRISON_0063
	1927_MORRISON_0064
	1927_MORRISON_0065
	1927_MORRISON_0066
	1927_MORRISON_0067
	1927_MORRISON_0068
	1927_MORRISON_0069
	1927_MORRISON_0070
	1927_MORRISON_0071
	1927_MORRISON_0072
	1927_MORRISON_0073
	1927_MORRISON_0074
	1927_MORRISON_0075
	1927_MORRISON_0076
	1927_MORRISON_0077
	1927_MORRISON_0078
	1927_MORRISON_0079
	1927_MORRISON_0080
	1927_MORRISON_0081
	1927_MORRISON_0082
	1927_MORRISON_0083
	1927_MORRISON_0084
	1927_MORRISON_0085
	1927_MORRISON_0086
	1927_MORRISON_0087
	1927_MORRISON_0088
	1927_MORRISON_0089
	1927_MORRISON_0090
	1927_MORRISON_0091
	1927_MORRISON_0092
	1927_MORRISON_0093
	1927_MORRISON_0094
	1927_MORRISON_0095
	1927_MORRISON_0096
	1927_MORRISON_0097
	1927_MORRISON_0098
	1927_MORRISON_0099
	1927_MORRISON_0100
	1927_MORRISON_0101
	1927_MORRISON_0102
	1927_MORRISON_0103
	1927_MORRISON_0104
	1927_MORRISON_0105
	1927_MORRISON_0106
	1927_MORRISON_0107
	1927_MORRISON_0108
	1927_MORRISON_0109
	1927_MORRISON_0110
	1927_MORRISON_0111
	1927_MORRISON_0112
	1927_MORRISON_0113
	1927_MORRISON_0114
	1927_MORRISON_0115
	1927_MORRISON_0116
	1927_MORRISON_0117
	1927_MORRISON_0118
	1927_MORRISON_0119
	1927_MORRISON_0120
	1927_MORRISON_0121
	1927_MORRISON_0122
	1927_MORRISON_0123
	1927_MORRISON_0124
	1927_MORRISON_0125
	1927_MORRISON_0126
	1927_MORRISON_0127
	1927_MORRISON_0128
	1927_MORRISON_0129
	1927_MORRISON_0130
	1927_MORRISON_0131
	1927_MORRISON_0132
	1927_MORRISON_0133
	1927_MORRISON_0134
	1927_MORRISON_0135
	1927_MORRISON_0136
	1927_MORRISON_0137

