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Analysis of Secondary-Stresses in I'ratt Truss

by the Prinaple of Least Work,
Lo Ho B. 8, C. E.

INTRODUCTION

The members of a hridge truss are connected together at the joint by
pins or by rivets or by electric-arc welding. When they are pin-connected
the members are more or less free to turn about the joint; and the- memb~
ers are not supposed to be subject to bending rmoments when under loading.
On the other hand if the members are conuected by rivets or arc welding,
they are to certain extent, if not entirely, fixed to each o her; and the
angles included between the members meeting at one joint should remain
the same in spite of the deformation of the truss. The rigidity of the joints
enables the members to resist shearing force, bending moment as well as
direct stress. When such truss is under loading, the direct stress, the she-
aring stress and the bending moment are so interrelated that the total in-
ternal work of strain 1s a mmimum, This relation is known as the prineiple
of least work. By this principle a bridge truss of mgid joints can be an-
alized. But long hefore the method of least work was successfully applied
such truss was already avalized by a wethod that is now universally used.
In this method of ana’ysis the truss in first assumed as pin-connected and
the primary stresses are computed as though there exists neither shear nor
bending moments. The bending woments are then to be computed from the
basis of primary stresses thus obtained. The unscientific feature of this
me hod of analysis is that the interrelation of the primary stress, shearing
siress and bending moment is neglected. They are really functions of each
other, and ro one of them ean be computed independently of the other. Im
spite of this obvious absurdity, the assumed correctness of this method is
hitherto unquestioned. Although the method of least work is evidently more
accurate than any ome of those methods in common use, perhaps it is due
to conservativeness of the engineering profession that few though it necess-

__ary to check it by an apparently elaborous method. As far as the writer
is aware, the first and only one attempting to introduce the mothod of least
work as a mean 1o calculaie secondary-stress in bridge truss was Dr. Isami
Hiroi of the Japanese Tokyo Imper.al U.iversity, Tokyo. Hiroi’s work is
not available in ordinary brary; but according to Dr. Von Abo, his me-
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thod is long and has no check and therefore not often used, Hve in Dr.
Von Abo’s exhaustive tr.atise on sccondary-stress, Il 1o1’s method is only
mentioned in the hisforical note without a reproduction. So at present, the
application of the prine'ple of least work to the caleulation of seeéndary-
stress 1s generally cons'dered not only unrehable but also unnecessary.

Dr. Von Abo’s Conelusion regarding the method of least work is based
upon Hiroi’s work which was published more than 25 years ago when the
calculation of secondary-stress was still at its infant stage. Most of the
checking device of the computation were found at a later time, Since Dr.
Hiroi developed the method at a comparatively ear'y time, 1t 1s highly pro-
bable that his method was not at its best and improvement is possible. It
is for this reason that the analysis of a 6-panel Pratt truss s undertalen,
While the result of this ana’ys s :s not conclusive, there are enongh indi-
cations that this long-neglected method deserves a car-ful 1econsideration.
From this single case the wr ter will not venture forth any posifive state~
ment: but if by this exainple, the attention of the bridge engineers is attrac—-
ted to this point and new effort 1s made for further investigation, he wll
feel highly gratified.

At the end the writer wishes to espress his deep indebiness to Prof, N.
S. Koo of Tangshan College of (ivil Engineering, Chiao University, under
whose instruction the writer first acquires a comprehensive knowledge in
the mechanmics of internal work, and when the original manusceript of this
paper was in preparation. he wrs frequently consulted.

Aprit 1931 Loho
Contents
Art. 1 Redundanf members in a Pratt truss
» 2 Unknown quantities to be found
» 3 Principle of least work and its application
» 4 Formula used
» 5 Qeneral formula for Pratt truss of 6-panels and formulation of
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Themson Mao: Two-Hinged Spandrel-Braced Arch Bridge.

Art. I. The readers of this paper are supposed to be familiar with the
common method of caleulating secondary-stress in bridge fruss; they are
alzo supposed to know what is meant by the principle of least work, So in
this paper we will not give a proof of this principle; nor will we go about
the general discus-ion, Right at the beginning we come to the question of
how to analyze a 6~panel Pratt truss by the principle of least work.

The truss diagram is shown in Fig. 1. Sinece the joints are r gidly con~
nected, 1f the members indicated by the dotted lines are removed, the truss
cgn still stand by itself. Therefore all the members mdicated by dotted lines
are extra members or 1n other words :edundant members, Each of the re-
dundant members except no. 16 will involve three unknown quautities which
can not be determined by sunple statics. The unknown quantities 'n each
redundant members are the bending mement, verfical force and hoi.zontal
force at centain section. .

The section where each member is cut 1s indicated by a short line per-
pendicular to the member, It will be noticed that the section cut in each
member in the two halves of the truss are syminetizcal atout the centre.

Art. I1. In each of the members 1,2,3,4 and3, at the section cut, bend~
ing moment M, vertical force V and herizontal force H are acting. Regard-
ing the sign of M, V, and H, it is assumed that M turning clockwise 18
positive, V acting upward is positive and H acting to the right 1s positive,
For the members 6, 7, 8, 9 and 10 the rule about the sign of M, V, and H
will be 'tht? same if the fruss is turned 180° about member 16 as shown in
Fig. 2. The advantage of the symmetry of the sections' cut and the syinmetry,
of the sign of M, V aud H in the members in the two halves of the truss
will be seen in the formulation of the equat:ons and their solution,

This analysis :s intended to furmsh data for constructing the influence
Lnes of the bending moments in all the typical members, For this purpose
three cases of loading are considered: (1) With load Piat centre, (2) With
load P2 at the second panel point from the left support; and (3) With load
Ps at the first panel point from the left support. For convenience of com-~
-putation the loads P1, Ps, Ps are assumed such that the reactions at the
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right support due to each load separately are equal and equal to 500 pounds,
The surknown quantities to be found are the bending moments M, vertical
foreces \' and horizontal forces H in the mewmbers 1,2,:,4,5,6,7,8, 9 and
10, Therefore we have fir a 6-panel Pratt truss like this altogether 30
unknowns to be found, M, V,and H in all the othier members ean be found
in terms of these yuantities and the external loading.

By the scheme of caleulation used in tlus paper, we only need {o take
half of the truss into consideration. So the expressions for the direct stres-
ses, shearing siresses and bending moments in members 1,2,3, 4, 5,11, 12,13,
14, 15 and 16 only are found in terms of M, V, and H in members 1,2, 3,
4,5 and 6 and are tabulated 'n table 1. To secure greater degree of accu-
racy in computation, that part of tlhe veitical force aud horizountal forves 1n
each member from the consideration of pin-connection of the joints can be
subtracted. Thus M, V, and H in the expressions of table 2 are only ad-
ditional moment and force acting upon each member due to the deformation
of the truss under loading, In the following we are to find these add.tional
moments and forces by the principle of least work.

CArt 1I1. By the princiip: of least work 1s meant that in a redundant
structure, the extra moments or forces that can not be found by the appli~
cation of simple statics are so interrelated that the total internal work of
strain should be a minimum. It follows at once that the first derivative of
the internal work with 1espect to each unknown woment or force is equal
to zero. Tins condition furnishes as many equations as there are unknowns.
The solution of these equations will give the values of the unknowns,

For our case, the demvative of the internal work in each member can be
found separately. The general formula of the derivative of this kind will
be established first. -

Art. IV, Suppose a beam AB, in Fug. 3, of length 1 is subject to bending
moment M, shear V, and direct stress H at A, the internal work in this
beam due to bending moment will be

_ (1 (M+4xV )¥dx
W= R 1

that due to direct stress will be

r— ( 1 H¥%dx
w 02EA’

mnd that due to shear will be




x XK E B ®2 A 51

Nt m - Pl R

I Vidx
JO 2A°'G

\. [

Now suppose M 1s a function of m and t: V and H are functions of t.
Then after simphficat:on we will Lave

Lrocrs M
aw _ (RLHEEV)
dwm E1I (1
aw - (Y GrMeevy 47
dt =7 E1 + B @
4 H
awr THgy ,
dt = E A ()
Wy
awr 1V gy
dt G A’ (4

The derivative of the interna! work in each mwember of the truss with
respect to each nnknown is of the form of either of these equations. There-

fore they can be used as general formulas in this case,

In equation (4) G =2 5; and A’ 1s generally the web area of the

[

member, In most cases, the web area can no. be accurately determined,
and has to e~tunated as closely as possible, The diserepency in such esti-
mation has only a neghgible effect upon the nmmerical equations involving
the unknowns,

Art. V. By the application of the formulas of Art. 4, the derivatives of
internal work in all the members of the left half of the truss are found as
shown in table 3. The total derivative with respect fo each unknewn 1s
equal to zero, from which condition, 15 equativns ave obtained as shown in
table 4, The sum of the terms m each column is the coefficient of the
unknown at the head of the column, The modulus of elasticity B 1s omit~
ted as that will not effect the work of calculation.

To get nummerieal equations from the general equat on-, the wumerieal
value of each individual term 1n the coefficients must be found, 1t wlil be
seen that the terms 1n the coefficrents are not ail different. They arecom-
posed of but a set of combinations of the elements of the wembers. The
data necessary for numer cal computalion are given in take 5. From these

e e o e L i T s e T T T T e ey
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data the pumerical values of the unlhke trms 1n the coefficients are calcu-
lated and are given in table 6 With these value- known, the eva'ntion of
the nwmerical equations can readuy be done as shown n table 7. The

constant terms in these equations involve R, Py, P3. The values of B, Ry,
P3 depend upon the case of loading,

For case I, szo, Pg“_‘o, R=500 ”3.
for case II, Py =15001b, Py =0 R = 1000 1b.
and for case I1I, P,=0, P; = 300 ib, R =2500 1b,

By referring to Fig. 2, 1t 15 evident that the equations for the right
half of the truss can readily be obtamned by replacing each unknown 1n
the equations with the corresponding unknown in the right half of the
truss. The constant terms Leing the same for the three cases of loading
are equal respeclively to those in the equations for the left half of truss
under first case of Joading, These equations are given in table 8, This
table read from the top downward gives equations for the left half «of
the truss, and read from bhotton upward gives equations for right half of
the truss. For the fume bemg, R P; Ps; 'n the constant terms will be
left as they are, and their values are to be put mn later when the conve-
nience of computation deems 1t necessary, "

Art. VI. One importaut feature of these equations 1s that they belong
to the Gauss’ normal type. This is shown by the fact that in table 8, the
coefficient in the nth row counting from the top 15 the same as the cor-
responding one in the nth column counting from the left. )

The general prineiple of the method of »olving normal equations 1s {o
maintain the normal type of the equations throughout the computation,
the proof of the method will not be given here, We will only explain the
mechanical device by which the work 1s carried on. In table 9 under the
head of coefficent are the coefficents of all the unknowns, and under
the head of constant are the coefficients of R, I, P; 1n the constant
termn.  For the el.nnnation of M, the first six equations are used, Due
to the symnnetry of the coefficients about the line jomung M; in equation
1 and Hy mn equavon 6, half, of the identical coefficients are not written
in the table. The work of computation can be carried on just the same.
Again the coefficients of Mas Vi II; in equations 4, 5, 6 will not Le af-
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fected during the elimination of M,;, V,;, H; so they are not put down
also,

To e ease th: efficiency of the checking device to be explained later,
all the equations obtained from the der.vative of the internal work with
respect to the bending moment M’s are multiplied by 100; the coefficients
of M’s 1n all the equations are multiphed by 100; and the ecoefficients of
R P3 Pz in the constant terms are multiphed by 1000, To obfain the
true results, the value of R P, Ps should be divided by 1000 and the values
of the M’s should be multiplied by 100

To elimnate M; divide equation 1 throughout by 42962, the coefficient
of My 1n the first equation, and then mulliply it throughout by the nega-
tive coefficients of V;, H;, M, V, and Hj respectively. The resulting
equations are indicated by 2’, 3’, 4°, 5* and 6°. The coefficients of M; 1n
these equations would be ~131523, 75021, -39242, O, 72987 respectively. But
these and half of the identical coefficients are omitted also, By adding
these equations to 2, 3, 4, 5 and 6 respectively, M; will be eliminated from
the resulting equations which are still indicated by 2, 3, 4, 5 and 6 and are
also of the normal type.

In table 9 under the head of checking térms are the summations of the
all the coefficienis in each equation, In the column Se are the summatmnc
obtained by actual addition while in the column Ke arez the summation
indirectly computed as that is possible in the solution of normal equations,
Ke in the original equation is equal to Sec: but in the derived equations
it is computed just like the coefficient of R or P, or P3 In case Ke is
not equal to S¢ there must be some mistake in the caleulation, This is
an excellent check- in the solution of normal equations, In view of the
correctness of eomputation thus ensured, the additional work of the calcula-
tion of S¢ and Ke is neither waste of time nor labor,

After Mj, V;, Hj. are eliminated, terms involving Ms, V3 Hz which are
omitted before must now be added; and their coefficients in equations 4,
5, 6 are therefore put 1n place, Comsequently, S¢ and Kec for these equa-
tions must be imereased by an amount equal to the suin of the added
coefficrents. At this stage, equations 7, 8, 9, will be put down and the
elinnnation of My, Vg Hy 1s performed 1n the same manner as before,

The above process of ehmination 1s carried on wuntil we have three
cquations containmng M, Vs Hj Mg Vi, Hg only, These three equations
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as shown on tuble 9 are still iudicated by 13, 14 and 15, They are ob-
tained from the equations for the left half of the truss. The three other
equations for the right half of the truss can be readily derived from these
by interchanging M;, V; H; with Mg, Vy, H, 1espectively and using for the
three cases the same constants as those in the three equations for the left
half of the tru s under the {irst ca e of loa.ing, For further computa-~
tion, the constant terms 1 each equation should be fouad by substituting
in the values of R, P, Pjs corresponding to th: case of loading. The six
equations with their tran-formed constants are shown on table 9. The so-
lution of equations should be as shovt as possible, For this purpose s~
tead of solving for the six unknowns, equations involving (M;4M,), (V;
+V.), (Hs+H,) an. equation. mvolving (Ms—M ), (Vs—Vy), (Hs~H,)
are derived and the metliod of derivation 1s also shown on the table,
From the solutions of the-e two sets of eguation-, the values of M, Vi,
Hs, Mg, Vg, H,; can readily be found, To find the cther unknowns 15 now
only a matter of ~ubstitution, For examyple to find the value of H, and
H;, for the second case of loa:ing we proceed as follows:

Substituting the valwes of M; V5, Hs; R acd Pg for the second case of
loading into

10677.8 H,—3697.8 M,—2936.4 V,—3562 5 H;4-20264.8 R—54740.9 Py=0
we will get the value of Hi. Similarly substituting the values of Ms, Vs,
Hs and R for the second case of loading 1nto

10677.8 H,—3697.8 Ms—29361 Ve—3362.5 He +20264.8 R=0
we will get the value of H, In this manner the 30 unknowns M;, Vi, H;
etc, corresponding to the three cases of loading are found as shown in
table 10, But it should be remembered that the values of R Py Pz must
be divided by 1000 before substitution; and the values of M’; in table 10
must be multiplied by 100 to get the true values. Having found these
quantit es, the bending iuowents mn &ll the other iuewbers can be found
by using the expressions in table 2.

Art, V1I. The dimensions of the truss analized are taken from “Modern

Framed Structures’” Part 1I by Johnson, Bryvan aod Turneaure, The se-
condary-stresses in all the ewbers due {0 a woving load of 1000 pounds
have heen calculated in that book by the usual method. The purpo~e of
using that data 15 to have a ready coniparicon between this and other
standard wethod. The results of thes¢ two wethods are given in table 1L,
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This table gives moments at the ends of each member in inch-pound,
The number of the column eorrespond to the number of loaded panel point
counting from the left support. The resulis corresponding to the second
and third cases of loading are also reduced {o the base of 1000-pound
load. The results of this method are put on the left side of each column,
while those obtained from the beok are put on the right side of the co-
lumn. The numbers 1n the first columu indicate the numbers of the mem-
bers. The numbers with primes indicate the sections at the other ends of
the same members than what bave been indicated in Fig. 1.

From this table it is evident that, the difference of results is greater
for the load placed at centre of the trass; but for other positions of Joa-
ding the results of the two methods agree very CIOSeISr. Where the mag-
nitudes differ by more than 25 per cent they will be marked by a plus
sign; and the difference of sign will be marked by a double plus sign.
Of course, in both methods there are other factors affecting the bending
moments, whieh have not be taken eare of in the calcultion. But as far
as these two methods are concerned, the method based upon the principle
of least work should give results more: approximate to the truth, At pre-
sent no general conclusion cau be drawn as to how great will be the dif-
ference of results for other type of truss and for other sections of the
members, when few computed results are available for comparison. But
it is obvious that the method of analysis employed in this paper can be
apppied to any kind of redundant structure; and the equalions obtained
from the principle of least work are always of normal type which admits
of check in the culeculation. The work of computation in {his method is
necessarily longer; but the principle involved is simple and the main part
of computation is the solution of equations, which can be performed very
systamatically.

In case the general formulas such as shown on table 4 for the truss
to be analized are already found, the procedure in this method of analysis
will be us follows.

1. Evaluation of the constants such as shown in table 6,
2. Formulation of numerical equations
3. Solution of equations
4. Calculation of the bending moment,
Art. VIII. The bending moment due to direct stress acting with an

it
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arm equal to the deflection of the member has been neglected in this analy-
sis. If we assume that each member after the deformation of truss is stil]

straight, the bending moment from {lis source will be easy 1o compute,

Since the curve of the member is so flat, the error invoelved in such assump-

tion seems to be very smail. Tn the analysis aceording to this assumption

the deflection of one end of the member with respect to the other end must

be found; and it can be found either analytically or graphically. This

deflection varies as the load producing it; and the primary stress also

varies as the load. So the moment found in this way will vary as the

square of the load.

If the exact equation of the curve of {he member under bending is
used, the principle of least work can still apply. But in that case, the
calculation will be different for different primary stress. So no single
calculation can cover all cases of loading,

17 .
"/“6
/ "‘
)I //!. ;

8 ¢ =2
9 oNG |, 7 e /|
2/ 9 \J] 7 &
Im | 7 /2 lﬁ? 1/’?
f19.2
7 8




Table 1

g 2

Member , Sh%ar Direct TStress Moment atM aélj- section
e 1'4— ¢V~ sHjy sV1i+ cHi | | \ N1+ Vix
2 Va Hs 24+ Vz2x
3 Vs Hs | 34 Vax
4 Vs He + Vsix
5 Vs Hs + Vsx
11 R-V3 -Hi %+ Vux
12 Hi+Hze R-PsV V2 ' -Ms+RI-VII4 Visx
13 ¢(R-P.-V2-Vz)-s(H»+Hs) ~$(R-Ps-Va Va)-c(Ile+1Ts) : ~-N-Ms+Rl+Heli+ Vi x
14 Hs+ He R-Ps-P+Vs-V¢ =Mp-Ms+2R1-(Pa+ V) - Hsh+ Vig x
15 c(R-sz-Pz-Vat—-Vs) ~s (He+Hs) | -8 ( R-_-P;.*—-P:——V-;-,-\-’.*;) —c( He~ITs) l -~ - Ms+2R1-Psl + Heh + Visx
16 | Hr- Ho . Vo4 Vs Mo+ (VT 1+ Viex
1=panel length, 1 =diagonal length, h=— height of truss, ¢ =40s@, s=sin 6.
Table 2
Member | Sh;ar- _ DiréctT St:e’ss Moment aﬁ{gny section
1 cVi~sHi sVi+cHi4 -gR | | M;_i__w - .‘—‘?1 <
2 Va Hs—ZR Mst-Vex
3 Vs Hs+ 2 {2R—Ps) Ma{-Vs x
4 Vs He— % (2R—Ps) Msf-Vex
5 }; Vs Hs4-% (3R—2Ps—P>) Mst-Vs x
11 | -Vi ~H:— R -M—Vix
12 1 Hi4Hs Vi—V+—Pz | ~M1—Mae—V1l +Visx
13 " (Va4 Va)—s(He+H 8) s(Vat-Va) —c(Hat-Ha, — }, (R—P:) § ~Ms—Mu+Hsh +Vizx
14 Hs+Hs | ~Vs—V44+R—Ps—Ps ., Ma—Ms—Va—Hsh  4Viex
15 | ~e(Ve+Va)—s(He + Hs) 8{Vs+Vs)—c(He-- H.'s)-if (R-P:i~P: § ~Ms—Ms+H<h +Visx
16 Hs—Hs Vs54+Vs ' Ms—Ms+ (V5—Vi)l +Visx
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aa

: AW M1 i\GVl"‘SH]_}hz
M: _'“dnﬁi_i = g1,
g AW MtV
. d M1 B 111
AW —(~M1~Ma-Vil )b~ (F14 He) (3h9)
o 2 S < B i PP '
Vi 1 (AW el #Mi SeliZ (eVisTTr)
Ve E1,
AW’ sli(sVi+cHn+RIs
avi - E A;
dW”  cli(eVi-sHr)
dVr — G a;
11 aw_ “(*%12)1\[14-(—-}1»;).(-.‘“;}
| avr DI
dW” Vil
| dVie T G an
12 AW __ (-Mr-Ms-Vil)(~ih) +(Hi+He) (~31h?)
AV E 1. :
AW (-PrVi-Vop
Lavr E A,
Hiz 1 (AW MyGsly”) +(eVri-sHi) (-3s1p9)
; dH 1,
| rdws (sVideHr)eh+-S1/R
At~ 1 Al
AW _ ~(cVi-sHn)sl,
dHI - G a;
! aw’ Hil+=2IR
P V: TR o o
. 12 LOW_ _ (-Mi-Me-Vi1y(3h2) + (Hs+ Hz) (3h%)
7 | dHi E T,
_dW”  -h(-H:-Hs)
‘ di1r = G a,




Table 35

Me \ AW Mal- Ve L
aMz — E I,
§ 12 | AW (-Mr=Me-Vi)(=h)+ (H1+ He) (- %119)
; l dMz 1) I],g
13 dW (~Me-Ms + Ha () -[e(-Va-Va)-s(He-Hs) JGL%)
‘ rdMe T }_u 12
) [ ’ i_
Ve g AW __ 1AMerd9Vs
avVye E 1,
AW _ Vil
rdVs = Gag
| g AW _ (Vi+Ve+Pah
é § dV2 ]1[ A]g
. '_d_W'-H_ (~-M2-Ms + Hebi }(=3el;*) + [e(-Vz-Va)-s(Hz+ Hs)] (- %d_r’)
L aVe = K 113
AW"  (s(Ve+ Va)-e(Hz + Hs) jsL~(R~P3)lI
ave — _ K Ajs
dW” _ [e(VeH VJ)+ <(H-+Has)]ely
av: @ ajzs
H= 2 | AW Hel~ ¢ Rl
! dHS 1‘_1 _Ag
AW MM VDOR) + (L H) (1)
P12 dHz K I;s . -
' ! dW”  (Hi+Hzh
c dHe G HY L] B
13 AW  (-Ms-M.+ Hah)(blr-}=1;") = [e(~Vs- V.s)-s(}Iz—!-H:}](ith 3s1;9)
dHﬂ B :[13
dW’ [-;(Vz*Vs)—-c(HJTHJ)— (R-P: )](—-ch) —
{ “Z{H}:;_ B E A13 ST
dW”  [e(Vas V2)+ «(Ha+Hz)]sls
: dHs — G az;s
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: AW - IMs+32Vs
Ma 8 dMs =T T ET,
13 L4W _ ~(~Mz-Ms+Hel)lz-[o(~V~V. )-8t H o+ Ws) ] 0
dMs — E Iis
AW ~{-Ms-Ms-Val-Hsh)h~(Hs+ H)( iL#)
‘14 aMs = . ETe
re o 1AW 3EMar 118V,
Vi 3 e R
| dW” 1V
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C 18 gy E I
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’ dVa~ E A
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d.Vd E G a;3
14 |9W__ (-Ms-Ms-Vsl-Hsh)(~Th) + (Ha+H.)(-11b*)
avs E I;»
awr -(R-P.S-PQ—VJ-_-V+)11
avs — T E A,
He | 8 |awr _ He+Z(3R-P9)l
- dHs E A,
13 AW (~M3-M3+H h)(«;s],")+ [e(-Ve=Via)~s (112 + H)1(~is1;?)
C VdHs — _ E I;s |
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] dHs E A
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14
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i | AW 1Ms + 31#Vs
S i PR o &
q | 8V -h(-Ms-Ms-Val-Hsh)-sh*(H -+ Hs)
{dMa- e ‘ o E 1.
- AW <15(~Ms-Ms - H:h)-3l%{e(~ Vs~ Vi )-s(Hx “H.)]
15 J| = E I.;
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dVe 1 i-
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"dVse ~— G a.
14 AW -h(B-PrP2-Vs-V.)
\d“r" - E A]-:-
AW (=Me-Ms+ Hoh(fel ) + [e(-Vi=¥r)-s(H+ + H5) 1 (-3c1,5)
L gy = - - I 15 -
dW’ _ [8(Ve+Vs)~e(Hs+ Ha) [ (811)~(R-Ps-Px)ls
dvi = E A,
dW”  [e{V++Vas)+s(Hs+Hs)lels
d‘fr"' - G als
| aw’  HA-%(2R-Ps)]
H+ E 4 I'dits = TR AL
{ dW (~Ms~M»+-V31-Hsh)(3b?) = (H3 + Hs)(3h%)
I 4 /.~ - "B I
AW” _ (Hs+Heb
| AH: =7 G ais o
[ dW - (=Ms-Ms+ H+b)(hli-is} 2+ [e(~Ve~V5)~s(H+ + H5)1(3h],*~4s];3)
SRR 1 R E 1
| awr  ~ells(Vs+ Vs)—c(H-+ Hs3] + £ 1(R-Ps~P2)
F dHe T | B Ay
1 dWr shilet Vet V) +s(He+ Hs))
(}H* __ G’ 3;5 .
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16

ol dW . 1M+ 11eVs
M ’ ToTaMs T B,
15 AW _ Sl -MeM 3 ER ), Te(-ViV )~ (He+ Hy)]
dMs — E I].‘i
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dMs - K I
;0 s AW MIPML4 1BV -
Vool P v =11,
i Ldwr V1
! tdVs T G,
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dVs E I '
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dvs — B A
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dVs — - G a,,
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dv. — : EI. =
| AW’ (Vs+Veh
dVs = I Ay
Hs | awr  1H+(3R-2Ps-P )l
Al T A

%1!%: (~M+-M5+ Hsh) (z381,%) +1e(-Ve-Va) -s(H: + H0)] (~4s1,%)

AW’ _

A =

I_Q} 74
Hs =

E I

~olis( Vs + Vi) ~o(1T+Hs) 1+ (R-Pa-Pe)

I A

Shi[e(Vet Vi) +5(Hs+ )]

Ga,

(AW (Ms~Ms+ V.1=Vs1) (302) + (Hs-Hs) (3h%)

| H5

E IJG

OW” . (Hs~Hs)h

|

{ dH5 —°

"G ag
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Table 5

~ | Sect.onal] Web | Length I . C
Member | Area Area’ o | .
ARG S i . in, : n
: $q. 1p, | 8q. 1n, in ) |
s 5849 31.0 4907 4490 | 954, 14.08
13 29.42 21.3 490.7 505.4 7.5
15 20,58 15.3 4907 35%.6 6.0
2 11 29.44 20 1 320 F 1218 9.12
38, 5 | 5235 , 27.2 320 | 3978 9,19, 14,43
4 4548 318 320 | 1907 9,12
12 16.00 12.0 3712 | 948 5.4
16 1 14,70 10.5 3712 280 6.0
14 | 2048 | 186 | 372 750.2 7.5,
Table 6
___1,__’ h,  hop Dosh# | shly? 0 el ! chl? | s¥E | eflys
Mewmber| —7—|—p-— —3 2l ol T2 2 |8l | sl
1 | 10929 | 40.655|15123.6 | 20327 756281° 17.436 | 65048 | 5041.2 | 3730.35
13 | 60926 | 226.645(84312 | 113.323142155.0 ' 97.482 [36263.3 |28104 207918
15 13684 | 500.037| 189362 | 254,518| 94631 21894 81446 631206 |46707.3
sely? | sy | el selp | st e*l, sely | _ely 1y
31 A A | A 4da | 4a 4da sA | A
[ . = p
1 4336.53, 4.8216 35678 | 40476 23 |17 197 | 7.2167 | 8,3895.
13 (241756 | 9.5858 | 7.0932 | 8.2458 | 33 244 | 284 |14.3484 |16.6791 |
15 154297.3 {13,526 [10.009 |11.6359 | 44 | 32.6 | 37.8 |20.5105 |23.8436}
1 R N A 1| o 201 | 3
1 21 31 A .4a sA sA sA
2,11 |*26273 | 42,036 | 8967.7 0870 | 40 | 9.3502 .
3,5 | .08044 | 12,871 | 2745.8 | 61127 | 29.4 | 5.2583 |10.5166 [15.7749
4 | 16780 | 26,848 | 5727,7 | 7.0261 | 25.2° | 60525 /12,1050 |
| _n W | me | w | w1 | b | b h
R s 21 31 | A 4a
S 12 139242 1 12557 401823 | 729.87 | 233560 | 181010 | 23.250 | 77.5
14 | 49587 158.68] 50776.9| 92.231] 29514 | 22872 1 14,048 | 495
16 | 1.2017 | 413.33132267 | 240,55 | 76830 | 59582 | 25.306 | 885




Table 72

MI V] H] My "r.? _ Hg _ Mj ' V:; : H3 R ) PJ
1093 | 17.49 | -20,33
2627 | 42,04 | | |
| 3.9242 (125570 -729.87 | 3.9242 | - -729.87 o !
4.2962 [1315,23 [~750.20 | 3.9242 72987
17.49 | 3730.4 |-4336.5 |
o 48 | 41 - : 8.3895
S 1o | -197
42,40 | 89677 |
. 40.0 :
1255,70 401823 |-933560 (1255 70 ~233560 )
232 23.250 | | 23,250
1315,23 | 414606 ~237912 1255.70 | 23.250 '-233360 83895 | 23.250
—20.33 -4336.5 | 5041.2 | i |
4.1 3.6 g 7 2467
-197 | 230 ]
10.9 i
729,87 [~233560 181010 |~729.87 181010
' 775 | - 775 -
- boso.a |es7ore liseies 72987 | Justos7| | - [ |raer




Table 7b

LI[ l “T‘l ! ‘H]_ ‘ M a2 | 'sz I Hg \ BI,; ! "rg ; 1{3 R P3 P 2 .
| i ! ! L i >
" | 2027 | 42.04 | | |
? ] 3.9242 125570 -729.57 3.9242 o -T29.97
,1 6093 | 97.:8 -226.65 092 .T.182 71332
: 1| usszx - 1
5.9242 (1255 .70 —720 57 4.7963 | 13953 84319 90925 97 152 | 113,32 | |
v ; 42,04 | 8967.7 | |
£ | 40,0, |
23 950 l 233 . 23.250
| 97 43 120791 8 ~36263.3 97.452 20791 .8 24175 .6 !
i 1 24175.6 |
N - 96 -8.2 1 9.6 -8.2 ~16.679 | 16 67}
24.4 28.4) 244 284
T 23,250 | 139,52 29857 | -12067 | 97,482 20826 | 24196 [~16.679 31 929
| | 10,6, ; ' -9.350 | |
Ha | 250 g7 1-233560 + 131010 | =729 87 181010.9: | | |
| 7T TS | | |
! 226 .645~36268.3, 84312.0 ~220 .615~36263 7~4216 0
} | 113,393 24175.61-42156,0| 113.323 24175, 6! 28104.9
l | -42156.0 |
| | 281040
| ! -89 71 -5 2 Lo 74 14 348 ~14,348 ;
A 28,4 33.0 244 33.0 o _
272087 ~233560 | 181087 ~843.19 |-12067 | 200242 -113 32312067 }1_4012' | 4998 -14 313




Table 7c
|
Mg V}g II, M,g “ra H.a Mﬁ- ._Vi- I_Ii- R P 4 P2
|
T ar ! ] - — —
My - 0%04 | 1287 ,.
60925 | 97.482 |~226.645| .6093 | 97.48 |113.323
| 113323,
4959 | 158.68 | 184.462 | 49587 -92,251
R -92.231 |
60925 | 97.482 ~113.3231 11856 | 2'9.03 | 205.55 | 49587 | ~92,231
Vs i 1287 | 27458 ) -
294 o |
97.482 |20791.8 |-36263,3| 9748 | 20791.8 |
24175.6 | | 241175.6 S
96 . -89 - 96 B2 ~16.679 | 16,679
244 2841 . 244 28.4
- | 158,68 | 507769| 5902.8| 158,68 ~29514
& ' B 5295,14 | - .
R | 140§ - 140 -14.048 | 14,048 | 14.048
~ T97.482 | 20826 | -12067 | 26v.03 | 74393 | 53710 | 15868 | 140 | -29514 |=30.727 | 30727 ! 14048
1 Hg |- |- S T 6.1 ' 10.5166 | =5.2583
113,323 24176 ];-42156,0' 113.323 | 24176 | 28104 -
. 28104 .
~8.2 7.1 -8.2 71 14,3484 |~14.3484
28.4 33 244, 33 .
.1 92231 [ 20514 | 34311 1 92231 11437 -
~11437 g
. 49.5 495 B
1313323 | 24196 | -14012 | 205.55 | 53710 | 51074 | 92,231 | 11387 | 24.865 ~19.607 |

o




Table 7d

M3 ‘(’3 Ha M, V‘,;: Hs Ms Vs ! Hs R ! P, Po
M, L1678 | T 2685 | I |
- A9587 | 158,68 |184.462 | 4959 ~92,231| ! |
{0 192231 . ! . !
R 13684 | 21894/ -509.037 13684 21894 25452 |
| 49387 | 158,68 | 92231 | 2.0321 | 24579] -346.75! 13684 21894 55452
Ve N | 26.85 | 57217 | 1
E Y . = 25,2 ] ' i
14048 . - 1490 14 048; I : .
. ~14, 14.048 | 14,048
218,94 | 467073 | 81446 218,94 467073" 54297 | | ' '
\ o 54297 lE | | [ o -
13,5 -11.6 185, ~116 | -23844) 23844 | 23844
. 326 | 378 326 378 | o
14,043 | 24579 | 52621 37123 T oiugy 46754 | 54323 | ~37.892| 87.892 | 37.892 |
H, 70, | ~12105 6,053 |
~02231 29514 | -34211 -62.231 22874 | | |
i | 22874 ) | | :
! | 495; | ; 495 ! }
i . =509.087-81446 189362 | _509 037131446 -94681
| | 204.518) 54297.3-%681 1 o5y 519] 5429731 631206 J
| - =~94681 [
| | | 631206
I -116] 1o <116 10 1205105
378 44 378 44 -
~92.231 29514 |-11387 |-346.75 27123 | 86105 |-35452 |-27123 |-31506
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Number i ' - - '
of Coefficients _ Constants
Equz‘atious | | \ | _ . . - _ | |
| Left | Mi Vi H My, V. H M Vs He M. V. T Me o Vs R I R
30 f 1 | 42962 131523 -75021 39242 - ~72987 0 f 0 0
20 | 2 | 131523 414606 -237913 125570 . 23.230 ~233560 8'3895{ 23250 0
28 0 3 | -70521 -237913 186166 ~729.87 181087 1165669, 0 0
27 1 4 6242 125570 -72987 47962 13952 -84319 60925 97.482 11332 o ! o0 | .0
% 5 28250 . 13952 20857 12067 97482 20826 24196 -16,6791 39,929  ©
25 . 6 | -72987 -233560 181087 -$4319  ~12067 209242 -11332 -12067 -14012 49982 —14,3484[_ 0
24 .71 | 60925 97482 11332 11856 26903 20555 49587 ~92,231 o0 | o o |
23 8 7 97482 20826  -12067 26903 74393 - 53710, 15868 14048 29514 | ~30727 30721 114048
22 | 9 | 11332 24196 -14012.° 20555 53710 51074 92231 - -11387 | 24865-19.6067,  ©
2t 10 | - | 49587 15868 92231 20321 24579 34675 13684 21894 25470 0o .0 1 o
20, 1L 14048 24579 52521 -27123 21894 16754 54323 ~37.0916. -37.3916 37.8914
19 120 92231 -29514 11387 -34675 27123 86106 -~25458 -27123. ~31506 3 - 8.4055 -14.458 -20,5107}
1B 13 | - 13684 21894 -23452 27405 64511 49487 -1.2017 41333 -24035| o | o0 | O
ool | 21894 46754 -27123 64514 131821 131203 -41333 -I32842 76880 |-23.8436 23,3436 23,843
6 15 ] 2542 54323  -31506 49487 . 131203 - 122851 -~24035 ~76830 -59671 | 362854/-31,0271/-25.7688
Right | M, Ve o He My 'V, - Hy My Vs H, ~M; .V, "H, M, Vg Hy ~Ms Vs - Hs




Pable 7e

Moo Ve | M | Vs | H | M, | Y ; H | B | Py | Py
Mo 1 | 1 T 0804 | 12871 | | T "
1.3684 | 218,94 509 13684 | 21894 | 25452 -
! 54018 - : _ |
| 12917 | 41333 | 24035 |-1.2917 | 413.33 | ~24035
13684 ' 21894 -254.53 | 27405 | 64514 | 49487 -1.2917 | 41333 | 240,35 -
Vs " 12.871 | 27458 '
- 294
| 21894 | 467073 ~81446 | 21804 | 467073 54207 i
| 54207 | B r :
100/ 118 100{ 116 |« 23844 | 23844 | 23844
326, 378 - 326/ 378 | S -
. 41333 (132267 | 76380 |-413,33 |-132267 | -76880
f | 25 25
21894 40754 -27123 645 14 181821 131203 1-413.33 |-132242 | ~76880 {23844 | 23844 | 23844
— i~ f ‘ . R
s | 6.1 ' 15.775 |~10517 | 5258
254,581 | 54297 {-94681 254,518 | 54297 | 631206 j . -
53120 6! ' i =
~11 b\ <1161 10 | 20,5105 |~20,5105-20.5105
1 378 44 : 378 44 . | ' '
| 24035 76880 59382 |-240.35 -76880 59582
| | 885 B [' 885 |
. 25452 | 54323 81506 494, a; -131203 1122651 | -240,35 | ~76380 59671 |36.2854 ~31,0271 -25 7688




Table 9%b

Constaﬁts

- Nuwnber - Coefficients Cheek
Equation | ~ = '} M, Ve He M; Vs Hs | R P Py | Se Ke

4 96386 139412 -12379.2 60925 97482 11332 34875 -103299 O | 24555.9 24536.8
5 | 29857 -120624 97482  2082:  24196/-167026 39878.5 0 [1096819 1093824
6 326829 ~11332 ~12067 -14012] -S981G -97939 0 |-47944.2 ~47944°9(
7 11853 26903 20555 0 0 0 | 638227 638227
8 74303, 537100 -30727 30727  14048(187561.2 187561.2
9 51074) 24865 ~1950G.7 0 |152142,4 1521424
5° -20164,5 179052 -88121 -14099.7 -16390.5] 50443 149411 0 . ~35518.8
6 -15869,1 78248 125200 145541 —44791 -132G7.0 0 315392
7 -38510 -6161.8 -7162.9] 22044 65295 0 ~15522.2
8 / -9859.0 -11460,90 8527.2 <10447.4 0 . ~24836.0
g9 | -13323.0) 41002 121448 0 ~28871,7
5 545 95925 53428 9361 67263 7805.5-11658.3 548199 0 | 741648 74163.
6 - 6+ 6 167838 -3507.2 4550  54211-13460.7 -23060.9 0 {-16407.1 -16405.7
7 T 8005 207412 133921 22044 65295 0 | 483011 483005|
8 8+8 64534 42249.1{-27199.8 411744 140481627262 1627252
9 9+ 9 o 37751 289652 -7462.8 T 0 |1232435 1232422
6’ ~5921  -5643 40547 -4705.3 70278 -33046.3 0 -44707
7’ -9045 -6496 -7538 11260 -52945 0 71627
8’ -4667.8 ~54168 80805 -380433 0 -51467.3
9’ ~6285.9) 93886 ~441472 0 -59725
6  6+6 132617 40715 ~3601,7 -4163.2 ~64329 -56107.2 0 |-61114,8 611127
7 T+ 79145 200916 126383 33204 12350 0 | 411383. 41137.

8 8+8 598662 368323|~191093  3131.1 14048/ 1112572 1112579
9 949 o 31465.1] 383538 -51610.0 0 | 635163 63517.2
7 -12500 -11058 -1278.1] -1975.0 -17225.6 -18762.3
8’ . ~9782 -1130.7 -17471 -~15237'9 -16597.4
¥ | . - ~1306.9 -20195 -175135 -19184 9
7 T4 65645 1:9858 113602 13554 -15990.6 = O | 223753 99237545
8 8+8 588880 35701.6(-20856.4 ~12106.8 14048/ 941612 9660

9 9+9 T 301582 363343 -69223.5 0 | 443308 44332,

—



' Table 9a

32682.9|

Number Coefficients ‘Constants Check
of Remark :
oquations . M; Vi Hi M, A" He R Ps Py, Sc Ke

1 42962 131523 75021 39242 72087 0 0 0 | 65719 65719
2 414606 -237913 125570 23230 -233560| 83895 23250 0 |231388.8 231888.8

3 186166 -72987 . 181087 16566.9 0 0 | -21011 -21011
4 47962 13952 --84319 0 - 0 0 69420 69420
5 29857 -12067/-166791 39929 -0 | 55015.2 550152
G 209242 4998 2 ~14348 .4 0 |-219542 -21954,2
2 -402642 229668 -120133 223441 0 0 9 ~20119]
3 ~131003 68525 -127451 0 0 0 114760
& ~35844 66667 0 0 S0 ~60028 5
5 . 0 0 0 0 0 o |
6’ _ ' -123996 0 0 0 111648.3
2 22 11964  ~8245 5435  23.25 ~10119 83895 23250 = 0 | 306978 306978
3 3+37 55163  ~4462 53636 16566 9 0 0 |1126589 1126589
4 4+4n 12118 13952 17652 0 O 0| 9391 93915
5 545 29857  -12067)~16679.1° 39929 . 0 | 550152 550152
6 6 +6’ 85246 49982 143484 0 | 8969318 896941
3 -5682,1 37454 1602 -G973.5 57816 160228 © 0 211555

Y ~24690  ~10.6 4597 -3811,2  -10562 0 -13945 4
o’ -04 197 -163 -452 .0 ~59 7
6° -8558.5 70957 196646 0 25964
3 | 3+¥ u9480.9 7166 1602 466625 223485 160228 O |133814.1 1338144
4 4+4’ 9649 139414 -13055 -3811.2 -10562 ° 0 | -45544 -45539
5 55 T 29857 -12047.3-166954 3988338 0 | 549555 549555
6. | 6%6 - 766873 120939 _ 53162 0 | 1166578 1156581
4 -10.4 23 6758 3237 . 2321 0 1938.0
2 =005 -15100 -%2 = -53 0 ~43.3
6* | ~44004.8/-210755 -151101 0 B ~126192
4 4+ 4 9633.6 13941,2 ~12379.2 -34875 -10329.9 0 | -26168 -26159
5 5+ 5" 29857 -12062. 4 -16702.6 398785 0 | 549119 549122
8 6+6 | -8981.6 97939 0 |-10533 2 -10533.9



Table 9c¢

“Number Coefficients C onstants Check
) of Remark : - .
| Equation Ma Vs Hs M, Vs H, R Py Py | Se Ke
7 66645 189858 113602 49587 99231 13354 -15990.6 0 | 181109 181111
8 58888.0 357(_)1.b 15868 14048 -20514-20y°6,4 ~121068 14048 | 810282 81028.5
9 | 301382 92231 ] -11387| 364343 -69223.5 0 | 421669 42168 4
10 20321 24079  ~34675 0 0 0 | 402748  40274.8
i1 52521 -27123/-37891.6 37891.6 378916 873826 87882
12. | 86106 84055 -14458 -20510.5/-523791 ~52379.1
g -54086.6 -32362.9 -141263  26274.7) -3861.3 455540 - O ~51594 8
9’ ~19354.4 -~84525 157215 -2310.4 272573 0 —-3087).9'
10" -3689.5 68624/ -10085 11897.8 0 ' ~13475.5
1V - - 0 R
12/ - | -12764.0{ 18758 ~221296 O 250642
8 | 8+ 8 48014 33387 17417 14048 -32393-2:7177 33447.2 14048 | 294540 294347
9 9+ 97 10793,8 7706 43347 540239 ~419662 0 1 112955 112965
10 10+10° 166315 24579 -278126] -10085 118978 0 | 267995 267992
11 11+11 52521 -27123 |<37891.6 378916 378916 878’26 878826
12 12+32 73342 | 102813 -36587.6 -20510.5/~275150 ~27314,9
4 ~2321.9  -12112 977 922526 | 171887 -23259.2 ~9769.0 ~20468.
10 -631.8 ~5.09 11750 | 8966.3 -121329 -50959 ~10677.2
1 -041 947 723 9786  -~411 . -86.1
12 - ~2185.4 |~16676.0 ~22565,4  9477.6) 19858 0
9 9+ 9 84719 -4406  -977  6387.3) 512126 -652254 -9769.0 ~91730 ~9172.1
10 10 +10’ 159997 24573.9 -26637.6] 79578 - -2351 -50959 161222 161221
11 11+1Y 52521  -27118 5-37819.3 37793.7 37850.5 877960 877964
12 2 12+12 : 711566, 63947 -140222 ~11032.9] -~7457.0 -74569|
Y -22.9 -40° 3426 26634 -33922 -5080, < -477.0
117 -01 - 768 391 752 =113 - ~108
127 _ - ~5121,9-39820.2 HKO7158 75958 TI3LT
10 10+ 10" 15976.8 245735 ~26295 | 106312 -~36271.3 -3603.9 156458 15645}
IS U IS B § 52521 ~27105 91-37760.2 377185 . 878392 877861 877859
12 12+12 66034 7] ~46214,9 366936 -3437.1] -3246 —325_2{




Table 94

Number

Constants

Coefficienis Check
of Remark
Kqattion M, Vs H, M; Vi H; . R Py P, Se Ke
0 | 159768 24D735 -26295 13684 21804 20452 106212 36273 -~5603.9 766751 766753
11 52521 -271059 21894 46704 . 54323377602 37785 37839 2/ 2107571 2107564
12 66034.7 -25452 27123  -31506|-462149 5366936 ~3437 1|-844056 -844062
13 27405 . 64514 - 49487 O .0 0 151532 151532
14 181821  131203/-23343.6 233843.6° 2334364429066 442906.6
15 - 1328531) 36285.4 -31027.1 -25768.33312995 331299.5
1’ ~377958 404438 -12047.0 -33674.6 -39147.0/~163362 55791 86192 . ~1179321
1Y -432769 225214 360336 418855 17480.6 -59699 -9223.0 126193 8
13~ ~11720,2 -87520 -21799.4| -9097.0 31068  4799.7 656717
147 -30002.7 ~34878'4~145549 49707 76794 ~105072.7
15 40546.6{~169202 57785 84273 ~122148.1
11 Li+11 147252 133377 847.0 13079.4 15176.0-540464 482976 46458 4] 928249 928248
12. i2+12° - 297578 -29306 8910.6 103835/-28734.3 307237 -120607 417883 417876
1 13+13° 156848 45762 276876 -9047.0 31068 47991 858¢03 858603
14 | 14414 151818.3 96324 6/-38398.5 288143 315233378337 3375339
15 15+15 . 823044 143652 -25248,6 -16841.5 2091512 209101,
127 -120800 -7672 -11347,0 -137460 4899Y91 -3-217.9 -42030.3). ~84078 3
137 -487 7523 8729 31116 -2490.5 -26723 - -5339.3
147 ~11617,6 ~13479 8 48050.2 -38458.4 ~-412659) - ~824501
15 o ~15640 6| 557525 -44623)1 -47880.6 . -95710.6]
12 12+ 12, J0677.8 -3697.8 -2936'4 -3362.5 202648 -8494.6 -54740.9)-42289.6 —42290.7
13 13413’ 156351 450097 268147 -59854 6163 . 21274/ 805210 $0521.0§
14 | 14+1¢ 1402007 82844 8! - 96517 96441 -4742.9 2553835 255383 &
15 | 15+1% : 66663,8] TO117.7 -69871.7 -647223113484.7 113484
137 ~12806 -1016.9 -11645 7017.8 29418 -18957.1 - ~14645.6
14 ~8075 -9247| 5OTZ8 - ~2336.0 -15053.8 ~11630,
15 | ~1058 9 63815 . -26750 —17233.2 - ~13317.6f
13 | 13+13 143555 439928 256502 10324 -23255 ~168207 658757 658754
14 14+ 147 1393932 81920)) 152245 ~11980.1 -~24796.7,243753 8 2437538
15 656049 81499.2 ~72546.7 -819€0,3/100167.4 1001673

- 15+1%




Table 9e

Number o Coefficients Constants y Cheek
of Remark |
Equatlon ‘ M5 ‘fr5 Hg Mg Vd Hs K] K K3 Se “Ke
13 1143555 43993.8 25650.2 -12917 41333 -24035 | 5162 -242122 -43955 .
14 1393932 81920.1 ~ 41333 -132242 76880 | 76123 -214705 21207
15 65604 9  ~24085 -76880 ~58671 | 40749.6 -414412 -135921
18 143555 43u92.8 256502 5162 5162 5162
17 1393932 819201 76123 76123 76123
16 | | 65604, 9| 40749.6 407496  407.96
o M5+ Mg Vs+ Ve H6+'H61 | | |
1 13+18 | 14385 26548 16152 10324 -23666,0 -38743 =20829.4
1 14+17 ' 715612 50401 152246 -143580 97330 . 254507
111 15+16 5933.9 814992 ~691.6 268575 120254.3
1Y I - —4918.0 ~26865 » -~19089 438141 71712 38513,
oo ~1813.6 -11592 26600,7 43538 23388,
11 | IT+I7 22332 20536 133157 2045561 165059 639545 63564
111 111+ 11V - 31203 803400 259151 31213,1/143642,4 143642.4
- IOV o -1888 5 ~12244 8 -27087.1 ~15546.3 -588203
11 JIT+1IT 22318 650052 -1172.1 15667.3| 84822.2 84822,
| T 1 305113 ~-.52518 7,02003 38005
3 ‘Mﬁ_Mﬁ. V5"—V6 H,s""Hg ’ . | .
I 1318 | 272725 853258 446852 “24728.4 - ~4911.7] 132643 4
1T | 14-37 2716352 158800,1 ~24583.0 -5491.6] " 4806865
| I #f 15-16 | 1252759 821408 -546417| - 1$6928.7
LI ~266953 ~155447.1 ‘ 77366.2  15366.9] - ~414992 3]
- I11Y o _ ~90516.8 450503  5984.2 -241650.1
11 41T | T 46822 3353.0 47783,2 48753 65693.7 65694
1 I+ 11y 34759,1 - -37140.5 -45693.5{~44721.9 -44721,
r o ~2401.1 . -342184 -T70719 ~47044.7
113 113+ 11Y 323580 ~71358.9 -52765,5/~917664 ~91766.1}
1 ~2.20529 -1,63058 -2,83596




Table 10

Fonding™s +Ms| Vot Vot H | MeMs | VeV | Holly ) Mo | Vs B M | v | H
1| -7.1322 22,0949,-30,5113 1 -3.6061 11.04745 ~15-256
9| 441045-13.67300 52518) 33.7585 ~11.7845| 2,20526] 38.9615 ~12,7287 1.36523; 52030 - 94425 ~.84005|
'3 .| 126404 -1,11479~7.02003| 7.4614-3.27687 1.63068 10.0509'-2,19583 -2.69467 25805 1_05101-4.32536
M, Vi H; M- Vy H, | Ms + Vs @ Hs M, V. | Hs
. . H ! | i .
S L RS R S
1 | 211258 -92852 119231 .2900( -.09956 ~1.4993 -8.8078 4.73577, -1,0317/~100503) 10.8704|-3.2165
2 2.39983 -03078 25737)-3.67969) 6.26215 -3.2667) -9 5164 15,1643 ~15,7635| 20.4809] -7.9672|16.0816
3 ° | 30.1538-30,6150 ~22.4959) 58.6509|-29.7239) 225373 25,9334 -9.0193 7.7829,~10.5651 4.91088 - 4401
L Mo | Vie Hio | My | Vo “Hs My V, He - | M Vz Hz
2 | 228238 -91940, 165106 .03535 .48396|-2.02166 ~10.3618 7.51519] -3.5805 -6.2112 29643 306
. : | - .
3 | 228538 -.99188| 1.4836 20552 08522 -1.8082 -9.9641 6.69031| -2,5758 -8.5782  6.2171|-1,13903




Table: 11

Section|

of I 3 5

Member _ | — i

1 130523 1370 | 15999 155 L 21126 229 | 152 155 | 7618 80
1 829.12 847 |-484.86  -536 |-52941  -526 |-460%8  ~493 [-213.59  -226

-2 195503 2030 [~24531  -273 | 2000 80+ 24 2 | 985 100
2 |F1215.52 1250 [109060 1140 | -286  -140+| 1057 103 | 1894 16
3 964,45 995 {-63443 697 |-88078  -897 |-0907  -v15 [-33214  -346
kY -93.61 ~134- 1260062 26490 | 63467 4944 912 905 | 381,50 390
4 1-35217  -370 (136539 1410 |-100503 1340+ |-41418  -~443 |-28594  -299
4 171,32 192 |-33428  -276 12473.49 2600 | 21841 298+ 37V 22 399
5 335.03 312 239743 2080 '-365.61 563+ 34637 312 8632 ° 86
5 1 10081 115 |-11802  ~3544 ]| 316457 330 | 14543 82571 201.63 216
11 1305237 <1352 [~159.99  ~1a7 -21126 231 |-15216  -157 | -7618 =79
11/ 1196037 2030 |-15342  -178 85.87 195+ 4398 44 29.62 30
12 5.34 40 91,89 94 30.87 53 4135 42 19.77 20
12 10.48 120 | ~7997 ~82 | =537 33 -3 | -4292 -43 | -2048 -21
13 [-12485° -146 | 0900 79 | 24404 316 | 186h9 208 | 9807 110
13 | 34405 357 | 21545 243 |-248.02  -330:{-131p3  -148 | -81.03 -91
14 |-51929 <540 | =36 66 -58 | 73415 875 | 38959 408 | 22384 931
14/ | 39121 408 20,24 16 +]-82019  -924 |-422B3 444 |-23680 -245
15 | ~37.44 =37 | 2543 -2959%! 1740v 129+ 14326 142 | 5872 59.7
15/ 61.67 62 | 113.72 124 32.02 42+ 1~15540  -146 | -4250 ~42
16 |-10082  -101 {-26345  -267 0 0 | 26345 276 | 100.82 101
16’ | 10138 102 | 293.47 296 ! 6. 0 -'293;47- -296 |-101.38  ~102




N g

*

P,

o Y

R

. 62,

63,

. 64,

. 6b,

63,
66,
(9,

70,
71,

72,
72,
72,

) 7 3
B~ % % =W

The formula **f = - .”" should bhe marked formala (1).
last line. The exponent «l—m” should read «1—m”.
lines 14 and 15. The sentence “For columns -- - . of that
column” should read «For columns of cqual diameters,
the lengths of all the short columns are equal, then the
number of short columns that make up each column is
Proportional to the length of that column”.

line 2, For <These data’ read “Test data”.

The formula «“(3r)” should read «(3f)”.

line 5. For “of tests’” read “of these tests™.

line 5. For ‘‘results arianged” read “results of tests ar-
ranged”.

. 3 R . Gy 1 N\2" . wy 1 4"
first equation. For (211;) read (2_11:‘) .

cquaiion A (6). For <(bz—az)” read “(bz—h2)”.
¢ For <D9’” read “Ra”.
line 8. For “veetor N read “vector D1”’.

S

line 4. Fo: “magnitude R4’ read “magnitude Ra”.
hne 11. For “Ro=""rcad “R2==",
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