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Introduction.

The use of rigid joint frames, either machine riveted or electric
welded, has been greatly increased in recent years and the practical
importance of the proper treatment of secondary stresses which are
induced by joint rigidity has likewise remarkably grown.

The well-known calculation method of secondary stresses by
Manderla, and those of Miiller-Breslau, Ritter and Mohr are among
the current methods of tedious calculation for secondary stresses; on
the other hand the Slope Deflection Equation principally applied by
Wilson and by Maney as well as by Gehler, simplified the redund-
ancies. The Mechanical Tabulation Method* proposed about ten years
ago by F. Takabeya made the calculation process quite mechanical,
that is, the simultaneous equations, from which the unknown quanti-
ties are to be determined, have been obtained without considering any
equilibrium equations, and those have been solved by the process of
iteration.

Recently there have sometimes been applied the method of Dis-
tributing End-Moments first proposed by H. Cross and the Slop Dis-
tribution Method** proposed by F. Takabeya. These Methods of

* See Proceedings, American Seciety of Civil Engineers, Oct., 1934. Vol. 60, No. 8,
Part 2, P. 650, Footnote and Takabeya ‘‘ Rahmentafeln ”’, Julius Springer, Bexrlin, 1930,

** F, Takabeya: On the Secondary Stress Calculation of Trusses by the Slope Dis-
tribution Method, Journal of the Civil Engineering Society, Japan, Vol. XXI. No. 1,
January, 1935.

F. Takabeya and T. Sakai: A New Method of Rapid Computation of Secondary
Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering., The
Hokkaido Imperial University, Vol. 4, No. 2, P. 121-139. December, 1937.
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secondary stress calculation eliminated completely the first process of
writing the simultaneous equation and made the second process of
iteration a simple and mechanical method of calculation on the frame-
schema itself.

The Cross method seems to the present author to have its merit
for the treatment of problems with a relative minority of members at
each joint such as a continuous beam while the Slope Distribution
Method seems to have comparatively greater usefulness for the pro-
blems with a relative majority of members at each joint such as trusses
and building frames. ’

All the above mentioned analyses of secondary stresses are very
complicated and require considerable tedious labour as compared with
that of primary direct stresses. In order to overcome these difficulties
it seems necessary to develop some practical and workable method
simple in theoretical analysis, which at the same time will provide a
means of calculation, that both lessens the mathematical difficulties
and shortens the tedious labour of detailed computations.

The new nearly eight hundred formulae proposed in this paper
quickly give the bending moments at any joint by which the secondary
stresses are caused, for four kinds of trusses which are most frequent-
ly adopted in bridge trusses.

For example, for a through Pratt truss with parallel chords of
any number of panels, the bending moment at the left end of the
lower chord member 2-4 due to the full lower joint loads is determined
from the following numerical moment formula:

Moy = {(—0.42 n+ 4.50)+ 242} P-owes K

max. k24

In the above formula,

My = bending moment at end 2 of member 2-4,
n = number of panels in the span,
P = intensity of lower joint loads,

Q= At * Omax, ‘

Asax,

A; = sectional area of tensile sub-verticals of the truss in
question,

Umax. = the maximum sectional area in upper chord members
of the standard truss which is proposed in this paper,
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Amax, = the maximum sectional area in upper chord members
of the truss in question,

K, = stiffness (IJl) of member 2-4 in the truss in question,
key = stiffness of member 2-4 in the standard truss.

Popeszas 3 pes2ss 8 pesome 3 pesope 1
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Fig. 1.

Fig. 1 shows a Pratt truss with 6 panels, carring live joint loads
of 10001lbs.. The sectional area of \member, denoted by (4), the
moment of inertia of the section ([I), the stiffness value of member
() and the distance of fibre from neutral axis of the section of
member (¢) are as written in Fig. 1,

In this example,

n=20

P =1000 lbs.

Ky = 3.80 in8

Amax. = Aas = 52.35 in.2
4y = 4;p = 16.00 in.?

and in the standard truss am.,. and ks are respectively 0.85 and 0.40
as given later,

Therefore, one gets

__ (16.00)(0.85)

~026, Gwme . 085 _ 4169

Q

52.35 Amax. 52.35
Ky _ 380 _gr
]\724 0.40 )

Putting these values into the above numerical moment formula,
the bending moment at the left end of member 2-4 due to the full
lower joint loads is obtained as follows:
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My = {(—0.24)(6)+4.50+(2.42)/(0.26)} (1000)(0.0162)(9.5)
= (11.28)(1000)(0.0162)(9.5)
= 1740 in.-Ibs.

In a similar way, the maximum moment at the upper end of
diagonal 1-4 of a through Pratt truss due to live load is determined
from the following numerical moment formula:

My = {(0.69 n—2.30)+0.00/ag} P - Smax. Kas

max. k14

In the truss of the above example K, = 1.64'in2 and its corre-
sponding value in the standard truss ki = 0.07 which is also given
latter.

Therefore, the maximum bending moment at the upper end of
diagonal 1-4 due to live load is obtained as follows:

My = {(0.69)(6)—;2.3(‘)}(1000)(0.0162)(1.6‘4/0.07)
= (1.84)(1000)(0.0162)(23.4)
=700 in.-Ibs.

The secondary stresses o due to the above obtained moments be-
come respectively 13.03(13.86) Ibs./sq. in. and 6.52(6.34) Ibs./sq. in. from
the equation o = Mc¢/I. The values in brackets are those calculated
by Johnson for the same example. ‘

In general, moments due to full loads, maximum moments and
moments due to single load which is placed at any relatively effective
joint are all obtained from numerical moment formulae having the
following forms :

= {(a- LA p o O Ko
M, = {(a n+b)+¢ o IP p——

1 max., Kmn
ot ' Mo = {(a ) n+b)+ ° a—c}P . Zmax. En

In the above formulae,

— Ac °* Omax, -

-Amax.

Qo
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where 4, denotes the sectional area of compressive sub-verticals of the
truss in question.

The former formula is for the npper joint loads and the latter
for lower joint loads.

Descriptions of the derivation of the numerical moment formnlae
and the coeflicients a, b and ¢ are given below in the present paper.

The bending moments calculated from the numerical moment
formulae in a similar expression to that given above are accurate
enough to use for all practical purposes and yet the calculation time
estimated is given in minutes.

I.  Derivation of Numerical Moment Formulae.

In the preceding Memoirs* the author investigated the rapid
calculation of secondary stresses by the joint moment diagrams of the
standard trusses and the characteristics of the same stresses. As a
result of more progressed investigation, the author proposes here the
numerical moment formulae from which the bending moments at the
ends of any member of the bridge trusses can be quickly computed
and describes the derivation of these numerical moment formulae
dividing his report into several items as follows:

1. Determination of Standard Trusses. After investigation of a
great many examples of bridge trusses in actual use, it become obvious
that the members of the trusses have a constant ratio, on the whole,
both for stiffness and sectional area, between one member and another.

Considering these stiffness values and sectional area-distributions
as well as the effect of the direct stresses, there were chosen the
standard trusses for the Warren and Pratt trusses with parallel chords
in the preceding Memoirs.** The standard trusses likewise can be
chosen for trusses with polygonal chords.

Fig. 2 shows the standard through Warren truss with parallel
chords, Tig.3 the standard deck Warren truss with parallel chords,
Fig. 4 the standard through Pratt truss with parallel chords and Fig. 5
the standard through Warren truss with polygonal chords.

These 4 types of bridges are most usually adopted among simple
bridge trusses.

¥ *% F, Takabeya and T. Sakai: A New Method of Rapid Computation of Secondary
Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The
Hokkaido Imperial University, Vol. 4, No. 2, December, 1937.
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Some of the actual examples were different to some degree from
the standard sectional ratio chosen here by the author, especially in
respect to stiffness in web members and also to sectional area in sub-
verticals. However the effect of these divergences from the standard
in these members can be easily corrected and accordingly these dif-
ferences are not an important matter.

Height and panel length of the standard trusses were chosen as
shown in the ahove Figs. 2 to 5 which correspond to many actual
examples. ‘

The standard trusses with any number of panels are obtained from
the above Figs. 2 to 5. Fer example, the standard trusses with six
panels are obtained as shown Figs. 6 to 9 from Figs. 2 to 5 respectively.

T peasn 3 n-080 5 K-085 3 feass T
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¥ < Y &% Sox|
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2. Numerical Moment Formulae for Standard Trusses. In this
paper the author defines ‘‘ numerical moment formulae’ as an equa-
tion which represents numerically the relation between the bending
moment at the end of one member and the number of panels in a
span. )

The relations between the bending moments and the nuraber of
panels in a span will next be found for the following three cases:

A. Bending Moments due to full loads.
B. Maximum bending moments.

C. Bending moments due to a single load.

A. Bending Moments due to Full Loads. The variation of the
bending moments due to the increase of the number of panels in a
span is considered to be linear for any kind of truss from the facts
that the direct stleqs in any- member varies linearlv by the valiation
preceding Memoirs* and thek bendmg moments are induced due to
the direct stresses. '

In the standard through Warren truss with parallél chords, - for
example, the variation of the moments is as indicated in Tables 1 and
2. Again, in the standard thlough Warren truss with polygonal
chords, the variation of the. : momient becomes as shown in Tables 3
and 4. R

All the values of mdnﬁen€€ n’ 'these tables are for full joint loads

having unit intensity and they were obtained accurately by the Slope
Distibution Method. :

# I, Takabeya and T. Sakai:' A New Method of Rapid Computation of Secondary
Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The
Hokkajdo Imperial University, Vol. 4, No. 2, P, 173-175. December, 1937,
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Table 1.
Number of Panels in Span
Moment -
16 12 10 8 6 4
o, 21.9 18.35 15.42 13.66 12,03 10.06
o (21.60) (17.80) (15.90) (14.00) 12.10) (10.20)
I 8.3 7.08 5,87 4.32 2.95 1.84
10 (9.43) (6.91) (5.61) (4.39) (3.13) (1.87)
by —21.8 —18 35 —15.42 —13.66 -12.03 --10.06
02 (—21.60) (—17.80) (~15.90) (—14.00) (—12.10) (~—10.20)
M —19.2 —17.95 —16,12 ~—15.93 —156.85 —14.99
0 (—18.80) (—17.40) (—16.70) (—16.00) (—15.30) (—14.60)
U, —30.,0 --20.93 —17.20 —12.62 — 8.09 ~ 3.78
13 (—380.20) (—21.40) (—17.00) (—12.60) (— 8.20) (— 3.80)
i —-31.6 —23.24 —21.76 —17.82 —14.79 —12.26
U (—31.78) (—24.86) (—21.40) (—17.94) (—14.48) (—10.92)
M 11.6 12.62 11.80 12,82 13.87 14.10
i (11.19) (12,03) (12.45) - (12.87) (13.29) (13.71)
M —14.4 — 5.69 — 3.36 0.82 4.81 7.18
2 (—14.51) (— 6.92) (— 8.10) (0.72) (4.54) (8.36)
1o 22.0 16.66 16.80 14.46 13.07
38 (22,20) (18.00) (16.50) (14.60) (12.70)
o ~35.0 -27.01 —19.45 ~15.44 — 8.46
5 (—36.56) (—25.32) (—20.20) (—15.08) (— 9.96)
)7 -21.0 —18.91 ~15.20 —13.35 —11.25
46 (—21.32) (—~17.29) (—15.20) (-13.20) | (—11.10)
Table 2.
: Number of Panels in Span
Moment - -
16 12 10 8 6 4
M 7.4 4.37 3.56 2.54 1.59 0.69
12 (6.49) 4.63) (3.55) (2.657) (1.69) (0.61)
M. 7.7 5.33 4.31 3.11 1.98 0.89
Hn (7.61) (5.35) (4.25) (3.13) (2.01) (0.89)
M 14.3 9.47 7.77 5.76 3.55 1.19
14 (14.28) (9.96) (7.80) (5.64) (3.48) (1.32)
o 8.5 5.21 3.84 2.55 0.90 —1.82
4 (8.40) (5.40) (3.90) (2.40) (0.90) (—0.60)
o 9.6 6.58 4.97 3.39 1.73 0
# (9.68) (6.46) (4.90) (3.34) (1.78) (0.22)
M 8.5 5,86 4.49 3.06 1.61 0
A (8.48) (6.76) (4.40) 3.0 (1.68) 0.32)
M 18.4 18.43 10.25 6.93 3.94
5 (18.90) (13.00) (10.00) (7.00) (4.00)
T 9.1 5.99. 3.78 1.26 —0.60
& (9.50) (6.50) (3.80) (1.50) (—0.50)
o 8.7 5.31 3.58 1.65 0
5 (9.00) (5.40) (3.60) (1.80) )
M 9.5 5.75 3.92 1.83 0
o (9.70) (5.82) (3.88) (1.94) © -
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Table 3.
Number of Panels in Span
Moment
12 10 8 6 4

i 16.85 14.95 - 13.89 12,12 10.356
Mot (16 85) (16.27) (18.70) (12.11) (10.53)
o 1.66 2.06 1.15 0.88 2.37

10 (1.72) (1.45) (1.18) (0.91) (0.64)
o —16.85 —14.95 —13.89 —12.12 —10.35

02 (—16.85) (—156.27) (—13.70) (—12.11) (—10.35)
BT —20.58 —18.84 —19.16 —18.09 —15.27

B (—20.58) (—19.50) (—18.42) (—17.34) (—16.26)
i, —11.99 —10.04 — 6.88 — 4,43 — 4.08
<3 (—12.00) (— 9.50) (— 7.00) (— 4.50) (— 2.00)
M —20.22 —19.48 —17.32 —16.06 —13.57

31 (—20.61) (—18.95) (—17.29) (-15.63) (~13.97)
. 16.29 15,52 16.72 16,55 14.35
e (16.04) (15.92) (15.80) (15.68) (15.56)
1 — 0.43 1.47 4.64 6.80 6.73

42 (— 0.32) (2.10) (4.52) (6.94) (9.36)
M 16.04 16.48 15.60 15,54

35 (16.46) (16.00) (15.54) (15,08)
M —12.83 — 7.90 — 1.59 4,73

53 (—13.10) (— 7.40) (— 1.50) (4.00)

M —18.32 —16.16 —13.31 —10.67
46 (—18.24) (—15.80) (—13.36) (—10.92)
Table 4.
Number of Panels in Span
Moment
12 10 8 6 4

M 3.42 2.68 1.96 1.22 0.74

12 (3.44) (2.70) (1.96) (1.22) (0.48)
. 4.28 3.32 2.45 1.64 0.92

u (4.30) (3.38) (2.46) (1.54) (0.62)
o 6.91 5.31 3.77 2.33 0.97

14 (6.90) (5.40) (3.90) (2.40) (0.09)
M 4.13 2.78 1.38 0.07 —1.14

e (4.056) (2.75) (1.45) (0.15) (—1.16)
u 418 3.00 1.72 0.51

3 (4.15) (2.95) (1.75) (0.65) (—0.656)
M 3.94 2,89 1.70 0.60

3 (3.95) (2.85) (1.75) (0.66) (—0.45)
o 10,68 8,08 5.69 3.20

8 (10.56) (8.10) (5.64) (3.18)
Mok 5.19 3.13 1.86 0.42
e (4.90) (8.40) (1.90) (0.40)
e 3.24 1.92 1.02

5 3.10) (2.02) (0.96) (—0.10)
A 3.59 2.17 112

o5 (8.50) (2.30) 1.10) (~0.10)
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In Fig. 10 there is shown graphically this linear variation of the
moments for the standard through Warren truss with parallel chords.
Therefore by the use of this characteristic of the linear variation
of moments, the numerical moment formulae are obtained in the form

Moy = (@ 0HD) e (A)

where M, denotes the bending moment at the end m of member
m~—n , n number of panels and « and b ave constants which are con-
cerned with the type of truss and loading condition and independent
of the number of panels in a span.

For examples, the numerical moment formulae for the standard
through Warren truss with parallel chords and the same with poly-
gonal chords are obtalned by the use of the values in Tables 1 to 4
as follows :

Standard Through Warren Truss with Parallel Chords.

Moments of Chord Members :

My (portal -1, lower) = (0.95 n+6.40)
My (portal 0-1, upper) = (0.63 n—0.65)
Mo, (lower chord 0-2, left) = (—0.95 n—6.40)
Mz (lower chord 0-2, right) = (—0.35 n—13.20)
M (upper chord 1-3, left) = (—2.20 n+5.00)
My (upper chord 1-3, right) = (—1.78 n—4.10)
Mz (lower chord 2-4, left) = (—0.21 n+14.55)
Mz (lower chord 2-4, right) = (—1.91 n416.00)
Mg (upper chord 3-5, left) = (0.95 n+7.00)
Mz (upper chord 3-5, right) = (—2.56 n+5.40)
My (lower chord 4-6, left) = (—1.02 n—5.00)

: , -ete.

Moments of Web Members :
Mz (sub-vertical 1-2, upper) = (0. 49 n—1.35)
My, (sub-vertical 1-2, lower) = (0.56 n—1.35)
M, (diagonal 1-4, upper) (1.08 n—3.00)
My (diagonal 1-4, lower) = (0.75 n—3.60)
Mz, (sub-vertical 3-4, upper) = (0.78 n—2.90)
My (sub-vertical 3-4, lower) = (0.68 n—2.40)
My (diagonal 4-5, lower) = (1.50 n—5.00)
Mjy, (diagonal 4-5, upper) = (1.00 n—6.50)
Mg (sub-vertical 5-6, upper) = (0.90 n—5.40)
Mes (sub-vertical 5-6, lower) = (0.97 n—5.82)
‘ ete.
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Standard Through Warren Truss with Polygonal Chords.

Moments of Chord Members:

My (portal 0-1, lower) = (0.79 n+7.37)
Mo (portal 0-1, upper) = (0.135 n+0.10)
M (lower chord 0-2, left) = (—0.79 n—7.87)
My (lower chord 0-2, right) = (—0.54 n—14.10)
Mz (upper chord 1-3, left) = (—1.25 n+3.00)
Mgy (upper chord 1-3, right) = (—0.83 n—10.65)
My, (lower chord 2-4, left) = (0.06 n+15.32)
My (lower chord 2-4, right) = (—1.21n+14.20)
Mgs (upper chord 3-5, left) = (0.23 n+13.70)
My, (upper chord 8-5, right) = (—2.85 n+21.10)
M, (lower chord 4-6, left) = (—1.22n—3.60)
etc.

Moments of Web Members:
My, (sub-vertical 1-2, upper) = (0.37 n—1.00)
My, (sub-vertical 1-2, lower) = (0.46 n—1.22)
M,y (diagonal 1-4, upper) = (0.75 n—2.10)
My (diagonal 1-4, lower) = (0.65 n—3.75)
My (sub-vertical 3-4, upper) = (0.60 n—3.05)
M5 (sub-vertical 3-4, lower) = (0.55 n—2.65)
My (diagonal 4-5, lower) = (1.23 n—4.20)
My (diagonal 4-5, upper) = (0.75 n—4.10)
Mss (sub-vertical 5-6, upper) = (0.53 n—3.28)
Mes (sub-vertical 5-6, lower) = (0.60 n—3.70)
etc.

In Tables 1 to 4, the values in brackets show the values calculated
by the above numerical moment formulae.

B. Maximum Bending Moments. In the chord members the rela-
tion between the maximum bending moment at the end of a member
and the variation of the number of panels in a span is generally like
that for full joint loads, as the bending moment is nearly the maximum
for full joint loads in general.
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In the web members, the maximum bending moment is produced
by the loads at the joints on the right side of the member in ques-
tion, that is, the maximum bending moment occurs for the same
partial loading as the maximum direct stress. The variation of the
maximum bending moment due t0 the increase of the number of
panels in a span is also condidered to be linear from the fact that
the maximum direct stress by which the maximum bending moment
is produced, can be also considered to vary linearly by the variation
of the number of panels in a span as already mentioned in the
preceding Memoirs*,

In the standard through Warren truss with parallel chords, for
example, the variation of the maximum bending moments, from which
the maximum secondary stresses are produced, is as shown in Table 5.
Again, in the standard through Warren truss with polygonal chords
the variation of the bending moments is as indicated in Table 6.

All the moment values are for joint loads having unit intensity.

Table 5.
Number of Panels in Span
Moment : -
12 10 8 6 4

i 4.40 3.59 2.60 1.69 0.86
Hiz (4.63) (3.65) (2.67) (1.69) (0.71)
I 5.33 4,31 3.11 1.98 0.93

2 (56.37) (4.25) (8.13) (2.01) (0.89)
a 10,41 8.70 6.76 4,62 2.52.

14 (11.06) (8.90) (6.74) (4.58) (2.42)
i 8.67 7.45 6.17 4,94 2.61
My (8.67) (7.43) (6.19) (4.95) (8.71)
i 6.91 5.34 3.80 2.23 0.63
a4 (6.91) (5.35) (8.79) (2.23) 0.67)
i 6.40 5.06 3.66 2.29 0.81

4 (6.41) (5.05) (8.69) (2.33) 0.97)
i 15.07 11.95 8.72 5.82
— (14.80) (11.80) (8.80) (5.80)
I 8,17 6.08 3.79 1.83
<54 (7.80) (5.80) (8.80) (1.80)
i 5.90 4,25 2.51 0.93

56 (5.95) (4.95) (2.55) (0.85)
i 6.29 .| . 455 2.65 0.94
ses 6.37) (4.55) (2.78) 0.91)
i 7.23 5.18 8.21

58 (7.20) . (5.20) (3.20)

* F. Takabeya and T. Sakai: A New Method of Rapid Computation of Secondary
Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The
Hokkaido Imperial University, Vol, 4, No. 2, P. 176, December, 1937.
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Table G,
Number of Panels in Span
Moment
1? 10 8 6 4
I 3.57 2.83 2.13 1.41 0.95
12 (3.55) (2.85) 2.15) . (1.45) “(0.75)
bTe 4.28 3.33 2.47 1.59 1.00
i (4.30) (3.38) (2.46) (1.64) (0.62)
M 7.93 6.35 4.85 3.47 2.17
1 (7.90 (6.40) (4.90) (3.40) “(1.90)
M 7.62 6.31 5.13 4.07 2.33
# (7.40) (6.40) (5.30) (4.20) (3.10)
§7e 4.83 3.68 2.54 1.55 0.71
34 (4.83) (3.75) (2.67) (1.59) (0.51)
i 4.80 3.77 2.7 1.81 0.91
4 (4.80) (3.80) (2.80) (1.80) (0.80)
M 12.80 10.26 7.84 5.51
45 (12.75) (10.35) (7.95) (5.55)
M. ’ 8.05 6.13 © 492 3.25
B (8.04) (6.40) (4.76) (3.12)
M 4.21 2.97 2.15 1.06
56 (4.25) 3.15) (2.05) (0.95)
- 4.55 3.18 2.21 1.07
65 (4.57) (3.35) (2138) (0.91)

In Fig. 11 there is shown graphically the above linear variation
of the moments for the standard through Warren truss with parallel
chords.

Therefore the numerical moment -formulae for the maximum
bending moments are also obtained in the same form as for the full
loads. . o -

For examples, the moment equations for the standard through
Warren trusses with parallel and polygonal chords are obtained by
the use of the values in Tables 5 and 6 as follows:

Standard Through Warren Truss with Parallel Chords.

Maximum Moments of Web Members :

Myy (sub-vertical 1-2, upper) = (0.49 n—1.25)
My (sub-vertical 1-2, lower) = (0.56 n—1.35)
M, (diagonal 1-4, upper) = (1.08 n—1.90).
My (diagonal 1-4, lower) = (0.62 n+1.23)
M3, (sub-vertical 3—4, upper) = (0.78 n—2.45)
Mys (sub-vertical 3—4, lower) = (0.68 n—1.75)
M5 (diagonal 4-5, lower) = (1.50 n—3.20)
M5, (diagonal 4-5, upper) = (1.00 n—4.20)
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My (sub-vertical 5-6, upper) = (0.85 n—4.25)
Mes (sub-vertical 5-6, lower) = (0.91 n—4.55)
Mgs (diagonal 5-8, upper) = (1.00 n—4.80)

ete.
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Fig. 11.

Standard Through Warren Truss with Polygonal Chords.

Maximum Moments of Web Members :
Mz (sub-vertical 1-2, upper) = (0.35 n—0.65)
Mz (sub-vertical 1-2, lower) = (0.46 n—1.22)
My (diagonal 1-4, upper) = (0.75 n—1.10).
My (diagonal 1-4, lower) = (0.55 n+0.90)
My (sub-vertical 3—4, upper) = (0.54 n—1.65)
My (sub-vertical 3-4, lower) = (0.50 n—1.20)
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M5 (diagonal 4-5, lower) = (1.20 n—1.65)
Ms, (diagonal 4-5, upper) = (0.82 n—1.80)
Mg (sub-vertical 5-6, upper) = (0.55 n—2.35)
Mgs (sub-vertical 5-6, lower) = (0.61 n—2.75)
' ete.
In Tables 5 and 6, the values in brackets show the values
calculated by the above formulae.

C. Bending Moments due to o Single Load. In the chord members,
the amount of the maximum bending moment at the end of a member

due to a single load is little affected by the variation of the number
of panels in a span.

Thus, in the standard through Warren truss, My, My, My, My
and My, attain the maximum values with the single load at joint 2.
These values are considered to be nearly constant for any number of
panels, as shown in Table 7.

Moments Mz, My and Mg attain the maximum values with the
single load at joint 4. These amounts for any number of panels are
written in Table 8. They also are nearly constant.

Tables 9 and 10 are for the standard through Warren truss with
polygonal chords. Moments in Table 9 are for a single load at joint
2 and those in Table 10 for a single load at jeint 4.

Table 7.
Number of Panels in Span
Moment
12 10 8 6 4
My, 8.64 8.50 8.49 8.49 8.23
Mg — 8.64 — 8.50 — 8.49 — 8.49 — 8,28
My —14.78 —14:55 —14.64 —14.89 —14.45
Moy 14.656 14.42 14.56 14.64 14.49
My, 9.45 9.25 9.47 9.57 9.61
Table 8.
Number of Panels in Span
Moment : -
12 10 8 . 6 4
Mis — 5.39 — b5.48 — b5.28 — 4.91 — 4.20
My -11.10 —11.58 —11.36 ~11.87. —10.31
Mg 10.62 11.16 11.01 11.20
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Table 9.
Number of Panels in Span
Moment
12 10 8 6 4
My .. 869 8.68 8.68 8.61 8.47
My, — 869 — 868 | - 8.68 — 8.61 — 8.47
Moy » —15.68 —15.68 —15.69 —15,63 —156.27
Mgy 156.67 16.69 15.72 15.68 15.35
My 9.62 9.58 9.68 9.67 9.70
Table 10.
Number of Panels in Span
Moment
12 10 8 6 4
My — 4.37 — 4,42 - 4,14 — 3.86 — 4.81
My —12.21 —12.41 —12.24 ) —12.33
My 12.25 12.47 12.39 | 12.63

In the web members the maximum bending moment at the end
of a member due to a single load is slightly affected by variation in
the number of panels in a span. But it is considered to be ap-
proximately constant as for the chord members.

Therefore, for the maximum bending moment at the end of any
member due to a single load constant ¢ in numerical moment formulae
i considered to be zero.

8. Numerical Moment Formulae for Trusses with the Same Ratio,
both of Stiffness and Sectional Area as Standard Trusses.

In ordinary construction of bridge trusses, panel points carry all
the loads and the loaded chords carry no intermediate loads; in con-
sequence of the loading condition the moment at the end 4 of the
member AB restrained at the ends is expressed by the well-known
equation, :

J[ab=I(ab(2¢a+¢b+Wab) csasesussrsresscersas (&)

in this equation, we denote by K,; the moment of inertia of the
section divided by the length of the member 4B, i.e, K, the stiffness
value of the member AB; @, and ¢, the joint-rotation angle of the
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ends A and B, respectively, multiplied by 2E; E the modulus of
elasticity of the material; and by ¥, the member revolution angle
maultiplied by —6E.

The bending moment on a section is considered positive when
the couple acts in a clockwise direction upon the portion of the member
cons:idered; the joint-rotation- angle is <considered positive when the
angle has turned clockwise, measured from its initial position; the
member revolution angle is also positive in case of revolution in clock-
wise direction from the initial position of the member.
~ As the value ¥, for an absolutely stiff connecting joint is but
slightly different from that for a pin connecting joint, it is usually
found by Williot-Mohr’s Displacement Diagram, considering it as of
the same value and .it is substituted as a known quantity into the
Slope Deflection Equation (a).

For a joint m shown in Fig. 12(a) the equilibrium condition of
the total moments gives:

S =0 | - | (®)
Mgt Mgt v v o A My =0 J

in which ‘

' Mt = Kpis( 2@+ @1+ Tpa) ]
Mz = Ko 2P+ @t Bps) [ 2oveeee e (@)
Moy = K2t Pt Biny) J

Substituting equation (c) in (b) gives:

2¢171(1(m1+](n12+ e +I(mn)+¢lI£ml+¢)2-[{m2+ eree +¢%I{wm
= —(-ImeI(ml"" gp7n2[(m2+ T men-[(mn) ........ ‘. oo (d)

From this condition of equilibrium, each joint gives one equation
and m joints give therefore m equations, in which m unknown ¢ are
contained, :

Next, let another frame of similar form be considered, having the
same stiffness ratio as well as the same sectional area-ratio, as shown
in Fig. 12(b), while the stiffness values are « times the former frame
in Fig. 12(a) and the sectional area x times the same.

For the joint m in Fig. 12(b), the equilibrium.condition gives in
a similar way : ' :
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2?’;1"([(m1 + I{m? e I(mn) + 7’;"7[(7)11 + ¢£/¢I(m2 oo+ 901/7, "CI(mn .
= /C( gp;nlI(ml + g/;nZI(m? + """ + g};nnI{mn) .......... (e)

in which @’ and @’ are respectively the joint-rotation angle and
member revolution angle for the frame shown in Fig. 12 (b).

Fig. 12.

Mohr’s Displacement Diagram shows generally :

=2 . R ()

a

Equation (e) therefore becomes:
2¢;1(I(m1+1(m2+ MR +I(mn)+q)£I(ml+¢QI(mZ+ sttt +¢;LI(WM

= _l(wnzll—(ml'*' wmQ-Kva'*' R w.m"b[{’m”‘)
a

........ (g)
From equations (d) and (g) it is obvious that:
gl =Pm =P P g =P )
a a [74
and

M, = ,c](m,<2_‘7’_v£+ Py o)
o

a o

Mpg = el 2P P2 Lt )
. «

a 73

*M;im = /‘7](77177.(2 Pom +& + w’mn)
a

o [/
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or

r .. K

ml T T tHml
Y 1
Mm2_"_‘Mm2 Peoce00b0es0000808 0 (1)
: 74
7 *
M., = =M, J
a

In the above equations M’ is the moment at the end of a member
of Fig. 12 (b) due to the same loading as the frame of Fig. 12(a). .

Equations (i) are found to be very important relations and very
practical of application to the calculation of secondary stresses.

Considering any truss of similar form, having the same stiffness
ratio as well as the same sectional area-ratio as the standard one,
while the stiffness values are « times the standard one and the sectional
areas ¢ times the same, the numerical moment formulae for this truss
becomes as follows by the use of the relation of equations (i)and the
numerical moment formula of the standard truss which is represented
by equation (A):

My = (a-n+0)% o i, (B) .
» a

in which constants ¢ and b are the same as those for the standard
truss, and n the number of panels in a span.

4.  Numerical Moment Formulae for Trusses with Sub-Verticals of
Different Sectional Area-Ratio from Standard Trusses.

The variation in the area of sub-verticals has great effect upon
the secondary stresses in the chord members and some of the actual
examples are different from the area-ratio in the standard truss as
the area of these sub-verticals is independent of the number of panels
in a span. IHence it is necessary to find this effect.

In the standard truss, let

a, = sectional area of tensile sub-verticals,

M, = bending moment at the end of any member due to lower
joint loads,

M, = bending moment at the end of the same member in the
case when sub-verticals are assumed not to extend due
to the same loading.
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Then the bending moment at the end of any member in the
standard truss due to lower joint loads is expressed as follows:

My = M,+ (M~ M)

In the above equation, M, is constant for any value of the sectional
area of the sub-verticals when their stiffness is considered to be constant,
and the difference between M; and M,, namely, M;—M, gives the
moment arising from the elastic elongation of the sub-verticals.

Therefore, this amount of M;— M, should be directly proportional
to the elastic elongation of the sub-verticals and accordingly inversely
proportional to the sectional area of those members.

Therefore, when the sectional area of the tensile sub-verticals in
the standard truss takes any amount «; instead @, , the moment due
to lower joint loads becomes

M= M,+M—M)%t . ..., e (k)

g

In a similar way, when the sectional area of the compressive sub-
verticals takes any amount of ¢, instead of a,,, the moment due to
upper joint loads becomes

M= Myt (My—DL)2%% o ieiieieiiiinnienns (1)

ac
where M, is the moment of any member in the sj;andard truss due
to the upper joint loads.

Now, for example, a Warren truss of 10 panels with parallel chords
is taken as shown in Fig. 13. The sectional areas of sub-verticals in
this truss are all equally 0.15 which value is one-half of that in the
standard truss. The stiffness values are assumed to be equal to the
standard one.

In the standard truss, moments due to full lower joint loads having
unit intensity are as follows:

My, = —15.42, My = —16.12, My = 11.80, My = —3.36 etc.

When the sub-verticals are assumed not to extend, these moments
become as follows:

J!.[o'z - —840, ﬂfgo = ——4.81, ]‘[24 = 0.22, ]‘[42 - —17.17 etC.

Hence by equation (k) the moments of the truss of this example
are computed as follows: '
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My = —8.40+(—15.42+8. 40)_0_3& = —92.44(—22.44)
_ 0.30 . -
My = —481+ (16,124 481) "2 = —27.43(—27.45)

030

My = 0.2+ (11.80—0.22)- - = 23.38(23.40)

My = —17.17 (=336 +17.17 )ﬂi(l = 10.45(10.47)

Ete.

The above values in brackets are those calculated directly by the
Blope Distribution Method.

T ge000 3 a-080 5 psr 7 4es 9
K=1

K=085 K=0485 A=1 =
AR 2l o/he > al9
SRR IO AR HOCR ERVARE
YA AL TRV &k BNEE VAT e
A=055 A =055 A=090 A=090 A=110

AO K=050 o K=030 4 K=079 g K=07 g K=030 7’0
Fig. 13.

Even when the sub-verticals are assumed not to extend under any
loads, the numerical moment formulae are also given for the standard
trusses in the same form as equation (A), and yet, as the effect of
the variation of the sectional area of the sub-verticals is little influenced
by the variation of the number of panels in a span, the coefficient of
n in the numerical moment formulae is considered to take the same
value in both cases.

For example, moments and numerical moment formulae for the
standard through. Warren trusses with either parallel or polygonal
chords having the full lower joint loads under the above mentioned
assumption that the sub-verticals do not extend under any loads, are
as follows:

Tables 11 and 12 show the moments for the truss with parallel
chords and Tables 13 and 14 the moments for the truss with polygonal
chords. :

The intensity of the lower ]omt loads is taken -as unity.. . .
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Table 11.
Number of Panels in Span
Moment
16 12 10 8 6 4
My 151 11.34 8.40 6.64 5.02 3.13
o1 (14.50) (10.70) (8.80) (6.90) (6.00) (3.10)
M 6.2 4.81 3.56 2.00 0.62 — 0.66
10 (7.08). (4.56) (3.30) (2.04) (0.78) (— 0.48)
i —15.1 —11.34 — 8.40 — 6.64 — 5.02 — 3.13
02 (—14.50) (—10.70) (— 8.80) (— 6.90) (— 5.00) (— 8.10)
Mon - — 8.4 — 6.64 — 4.81 — 4.62 — 4.57 — 4.16
20 — 8.10) (— 6.70) (— 6.00) (— 5.30) (— 4.60) (— 3.90)
I's ~27.3 —18.99 —15.20 —10.64 — 7.08 — 1.93
13 (—28.00) (—19.40) (—15.00) (—10.60) (— 6.20) (— 1.80)
Ie —30.9 —22.68 —21.20 —17.25 —14.17 —11.34
# (—13.23) (—24.30) (—20.85) (—17.39) (—13.93) (—10.47)
o, 0.4 1.03 0.22 1.24 2.32 3.08
H (0.24) (1.08) (1.50) (1.92) (2.34) (2.76)
1Y —27.5 —20.28 —17.17 —12.94 —. 8.84 — 4,58
4 (—28.36) (—20.72) (—16.90) (—13.08) (— 9.26) (— 5.44)
M 21.5 16.25 16.39 14.02 12.58
35 (21.80) (18.00) (16.10) (14.20) (12.30)
M- —34.8 —26.98 —19.39 —15.43 — 8.70
a8 (—385.56) (—25.32) (—20.20) (—15.08) (— 9.96)
Mo - 5.70 — 3.09 0.63 2.87 4.26
46 (— 5.72) (— 1.64) (0.40) (Z 44) (4.48)
Table 12.
Number of Panels in Span
Moment | ‘
| 12 10 8 6 4
Mo 6.6 4.61 3.80 2.78 1.83 " 0.87
12 (6.74) (4.78) (3.80) (2.82) (1.84) (0.86)
ITe 8.0 5.61 4.58 3.38 2.25 1.09
2 (7.86) (5.62) (4.50) (3.38) (2.26) (1.14)
o 14.5 9.67 7.84 5.86 3.66 1.72
4 (14.38) (10.00) (7.90) (5.74) (3.58) (1.42)
M 7.6 4.38 2.99 1.72 0.14 —1.04
i (7.65) (4.65) (3.15) (1.65) (0.15) (—1.35)
. 9.4 6.43 4.82 3.24 1.59 0
4 9.6) (6.31) (4.75) (3.19) (1.83) (0.07)
o 8.2 5.60 4.25 3.06 1.38 0
13 (8.33) (5.61) (4.25) (2.89) (1.58) (0.20)
Mo 17.2 12.52 9.32 6.03 3.07
® (18.10) (12.10) (9.10) (6.10) (3.10)
M- 8.6 7.66 3.36 0.86 —1,04
5 (9.00) (6.00) (3.00) (1.00) (—1.00)
1Y 8.8 5.35 3.65 1.70 0
56 (9.00) (5.40) (3.60) (1.80) ()]
M 9.6 5.85 4.00 1.88 0
65 9.70) (5.82) (3.88) (1.94) )
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Pable 18,
Number of Panels in Span
Moment
12 10 8 6 4
i 9.41 7.50 6.46 4.70 3.09
o1 (9.43) (7.86) 6.27) (4.69) (8.11)
Te — 0.65 — 0.29 — 1.20 — 1.49 — 0.20
Mo (— 0.66) (— 0.93) (— 1.20) (— 1.47) (— 1.74)
T — 9.41 — 7.50 — 6.46 — 4.70 — 3.09
Moz (— 9.43) (— 7.86) (— 6.27) (— 4.69) (— 3.11)
M — 8.30 — 6.56 — 6.93 — 5.88 — 3.85
20 (— 8.30) (— 7.22) (— 6.14) (— 56.06) (— 3.98)
M — 9.77 — 7.82 — 4.66 — 2,19 — 2.13
M1 (— 9.68) — 7.18) (— 4.68) (— 2.18) 0.32)
i —19.60 —18.87 —16.68 —15.34 —12.60
B (—20.00) (—18.34) (—16.68) (—15.02) (—13.36)
% 3.7 2.93 4.16 4.06 2.74
u (3.46) (3.34) (3.22) (3.10) (2.98)
M —16.34 —14.42 —11.14 — 8.80 — 5.67
Mg (—-16.22) (—13.80) (—11.38) (— 8.96) (— 6.54)
I 15.656 16.07 16.16 15.01
85 (16.07) (15.61) (15.15) (14.69)
. —12.64 — 7.74 — 1.52 4.46
53 (—12.90) (— 7.20) (— 1.30) (4.20)
I 0.54 3.67 5.31 7.63
46 (0.60) (3.06) (5.49) (7.93)
Table 14,
Number of Panels in Span
Morment
12 10 8 6 4
hTe 3.68 2.94 2.22 1.46 0.92
12 3.70) (2.96) (2.22) (1.48) 0.74)
i 4.58 3.63 2.77 1.83 1.11
o (4.60) (3.68) (2.76) (1.84) (0.92)
M 6.75 5.16 3.64 2.22 1.41
" (6.70) (5.20) (3.70) (2.20) 0.70)
M 2.94 1.67 0.25 —0.97 —0.93
1 (2.90) (1.60) (0.30) (—1.00) (—2.30)
§Te 3.95 2.80 1.51 0.33 0
3 (3.93) (2.73) (1.53) (0.33) (—0.86)
18 3.56 2.60 1.34 0.256 0
43 (3.566) (2.45) (1.35) (0.25) (—0.85)
A 9.27 6.67 4.24 1.89
45 (9.16) (6.70) (4.24) (1.78)
e 4.56 2.62 1.24 —0.24
54 (4.25) (2.76) (1.25) (—0.25)
o 3.34 2.08 1.07 0
86 (3.20) (2.12) (1.06) ©)
. 3.77 2.31 1.21 0
66 (3.60) (2.40) (1.20) ©)
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Numerical moment formulae are obtained by the use of the values
in Tables 11 to 14 as follows:

Standard Through Warren Truss with Parallel Chords.
Moments of Chord Members :

My, (portal 0-1, lower) = (0.95 n—0.70)

My (portal 0-1, upper) = (0.63 n—3.00)

My (lower chord 0-2, left) = (—0.952+0.70)

My (lower chord 0-2, right) = (—0.35n—2.50)

My (upper chord 1-3, left) = (—2.20 n+7.00)

Mg (upper chord 1-3, right) = (—1.73 n—3.55)

M (lower chord 2-4, left) = (—0.21 n+3.60)

Mg (lower chord 2-4, right) = (—1.91 n+2.20)

Mys (upper chord 3-5, left) = (0.95 n+6.60)

Mz (upper chord 3-5, right) = (—2.56 #.4-5.40)

My (lower chord 4-6, left) = (—1.02n+10.60)
ete.

Moments of Web Members : :
Mie (sub-vertical 1-2, upper) = (0.49 n—1.10)
My (sub-vertical 1-2, lower) = (0.56 n—1.10)
M, (diagonal 1-4, upper) = (1.08 n—2.90)
My (diagonal 1-4, lower) = (0,75 n—.35)
Mgq (sub-vertical 3-4, upper) = (0.78 n—3.05)
Mys (sub-vertical 3-4, lower) = (0.68 n—2.55)
My (diagonal 4-5, lower) = (1.50 n—5.90)
Mps (diagonal 4-5, upper) = (1.00 n—7.00)
M;s (sub-vertical 5-6, upper) = (0.90 n—5.40)
My (sub-vertical 5-6, lower) = (0.97 n—5.82)
ete.

Standard Through Warren Truss with Polygonal Chords.
Moments of Chord Members :
Moy (portal 0-1, lower) = (0.79 n—0.05)
My, (portal 0-1, upper) = (0.135 n—2.28)
My (lower chord 0-2, left) = (—0.79 n+0.05)
My (lower chord 0-2, right) = (—0.54 n—1.82)
Mg (upper chord 1-3, left) = (—1.25 n+5.32)
Mg (upper chord 1-3, right) = (—0.83 n—10.04)
Maq (lower chord 2-4, left) = (0.06 n+2.74)
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My (lower chord 2-4, right) = (—1.21 n—1.70)

Mys (apper chord 8-5, left) = (0.23 n+13.31)

Mgz (upper chord 8-5, right) = (-—2.851-21.80)

My (lower chord 4-6, left) = (—1.22 n+15.25)

ete.

Moments of Web Members :

Mz (sub-vertical 1-2, upper) = (0.37 n—0.74)

My (sub-vertical 1-2, lower) = (0.46 n—0.92)

My (diagonal 1-4, upper) = (0.75 n—2.30)

My (diagonal 1-4, lower) = (0.65 n~4.90)

My, (sub-vertical 3-4, upper) = (0.60 n—3.27)

Mz (sub-vertical 3-4, lower) = (0.55 n—3.05)

My (diagonal 4-5, lower) = (1.23 n—5.60)

Mg, (diagonal 4-5, upper) = (0.75 n—4.75)

Mys (sub-vertical 5-6, upper) = (0.53 n—3.18) .

Mgz (sub-vertical 5-6, lower) = (0.60 n—3.60)

ete.

Now, let the numericaﬂ moment formulae of M, and M; or M, be
respectively as follows:
M, == a,n+b,
M; or M, = an+b }
Then the nﬁmericai moment formulae of the standard truss with

sub-verticals of any area a; or g, become from equation (k) or (1) as
follows :

M = (a,n+b,)+(an—+b—a,n—10,) Yot
a
N SO (n)
or M = (a;n+b,)+{an +b—amn—D>,) Goe

(4

The former is for the lower joint loads and the latter for the upper
joint loads. ‘

In the above formula the coefficients a, and a are the same because
of the above mentioned characteristic of them.
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Therefore the above equation becomes

M = (agn+Db,)+(b—b,) et

Qg

or M = (@gn +bo)+(b—b,)Zee.
e

Since a,; and @,, are constants, equation (o) becomes

M = (agn-+b,)+ cti
g ,

..... T §3))

or M = (g,n-+ bo)+o,,—;~

c

Omitting the suffixes of «, b and ¢, the numerical moment formula
of any member m—n in the standard truss with sub-verticals of any area
a; and a, is generally represented in the form

Mo = (a-n+b)+c--1— ' o .
e s .. (0)
or My = (@0 +b)+ 01 '

c

in which, the term in bracket shows the moment of the standard
truss in the case when sub-verticals are assumed not to extend and
the last term shows the effect of the extentlon or shortening of sub-
verticals.

For any truss of the same ratio both of stiffness and sectional‘ area
as the standard truss with sub-verticals of any area a, and «,, the
~numerical moment formulae become

Moy, = {(a-n +b)+ c._l_l .
wle L. e (D)
or 1}-[77171, = {(_a-n -+ b) + g-_l__}ﬁ_ .
; ac a

‘When one lets

@max. = the maximum sectional area in upper chord members
‘of the standard truss,
Amax, = the maximum sectional area in uppel chord members
of the truss in question,
and
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A, 4, = sectional areas of the tensile sub-venticals and compres-
sive sub-verticals respectively,

in the above equation «, a; and a, are determined from the following
relations:

Amax.

amax.

o =

At Q@
a’t o ™Max, . . . . F
A, (E)
AO ° a/max.
Amax. J

I

Qs

5. Numerical Moment Formulae for Trusses with Members of
Different Stiffness Ratio from Standard Trusses. Even in the same
sectional area the web members take different stiffness values according
to the form of the sections. Some of them are stiffly built up to
resist either tention or compression and their stiffness values are large.
On the contrary, others are slenderly built to resist only tension and
their stiffness values are small.

Hence, some of the actual examples are different from the standard
trusses in their stiffess ratio.

The bending moment at the end 4 of member 4B is expressed,
as above, by equation (a), that is,

Jl/[ab = I(ab(2¢a + Py + y]ab)

The stiffness of web wmembers is very small as compared with that
of chord members and the effect of the variation of the stiffness of
the web members is negligible upon the joint-rotation angles, @, and
@ . Also the member rotation angle ¥, is considered to be independent
of the stiffness of the members of trusses and it has relation only to
the sectional areas of the same.

Hence it may be said that the end moments of the chord members
are not influenced by the stiffness values of the web members and
these end moments of the web members are proportional to their stiff-
ness values under the assumption that the sectional areas of the web
members are constant for any stiffness value of them.

Because of this important characteristic, the numerical moment
formulae of any truss which in its web members has different stiffness
values from the standard truss is obtained from the formulae of the
standard truss. These numerical moment formulae become
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11a K
. b et U Ymax, mn
(a e )+c 423 J Amax. kmn

_1’} amax. I(m'n
Amax.

My = {

or M, = {(a-n+b)+c-

a, kopn

in which

K, = stiffness of the member m—mn in the truss in question
and

kn = stiffness of the member m—n in the standard truss.

Since the equilibrium condition at a joint, namely, Y M =0, is
disturbed by the above correction, this discrepancy of the equilibrium
condition should be distributed to each member which meets at this
joint, proportionary to their stiffness values.

Now, for example, let a through Warren truss be considered with
10 panels and stiff sub-verticals, having the stiffness value of 0.15,
while the other members are the same as those of the standard truss,
as shown in Fig. 14, This truss is subjected to full lower joint loads
having unit intensity

1
T p-000 3 A=000 5 4.7 7 9

7
7

L

A
K

R
S

4@9 Q.@
14

A=055

Q
S

ANES

K=085

7
2N\

A\

A
030
K=075

[
A

A=055

K=085"

)
A

M)
N

%

WA

A=0390

A=080

R

<
U
S

D8R
1,“'/,‘

A4S

A=110

2
SRR

)

x

A K050 5 K030 4 K075 g K-0% g K=090 g

1
Fig 14.

The bending moments at the end of any members in such a truss are
easily and rapidly determined by the use of the results obtained for
the standard truss as follows:

The moments of the standard truss are such follows;

At joint 0,
My =15.42, My = —15.42
At joint 1,
j’[w == 587, ]ll[la == —1720, A/[M,,: 7.77, ]‘112 == 356
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At joint 2,
My = —16.12, My = 11.80, My = 4.31

At joint 3,
]l[gl == ‘—21.76, ]l[35 = 16.80, ]l’[34 = 4.97
Tte.

From the above values, the moments of the truss in this example
- are -determined as follows:

At joint. 0, all the members which meet at this joint are the same
as in the standard truss. Hence, the moments at this joint are also
considered to be the same as those of the standard one with values
as follows:

My = 15.42(16.04), My, = —15.42(—16.04)

At joint 1, as the stiffness values of members, 1-0, 1-3, and 1-4
are the same as of the standard truss, the moments of these members
are also the same as of the standard truss. Ilowever, the stiffness
value of member, 1-2, is 3 times that of the standard truss. Hence,
the moment of this member is also considered to be 3 times that of
the standard truss. These values are as follows:

OL)

My =087, My=—17.20, My ="7.77, Mp=(3. 06) = 10.68

The discrepancy of the equilibrium condition at joint 1 due to
the stiffness correction becomes as follows:

XM = 5.87—17.204+7.77+10.68 = 7.12

Distributing this discrepancy to each member in proportion to
their stiffness values, the final moments at joint 1 can be determined
as follows :

0.60
1.87

0.60
0.60+0.85+0.254-0.15

= 5.87—2.31 = 3.56(4.93)

My = 5.87—(7.12) = 5.87— (7 1200

08)

= —17.20—8.27 = —20.47(21.41)
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020

My ="T.77—(112)7 7% = 7.77—0.96 = 6.81(6.73)

015

Mg = 10.65—(7.12) 72 = 10.68—0.58 = 10.10(9.75)

In the same way, at joint 2 one gets,
My = —19.87(19.11), My = 8.05(7.50), My = 11.81(11.61)
At joint 3,

My = 12.30(12.43), My = —26.26(26.60), My = 14.00(14.17)
Ete. '

The values in brackets are the ones directly calculated by the
Slope Distribution Method.

When the intensity of the joint loads is P instead of unity, the
numerical moment formula (F) becomes

My = {(a n+b)+e __1P Zmax _]Iéﬁ”i
max, fmn
Tt Eo | (Q)
1) p, ax. K,
ﬂ[m'n = { b P. Gmax, Bomn
or an+ )+c o Kl i

This is the general expression of the numerical moment formulae.

When ¢, b and ¢ are determined for the standard trusses, the
moments of any truss can be rapidly calculated from equation (G).

In the following sections, there will be shown the values of a, b
and ¢ of any members of the following four most usually adopted
types of truss for the full loads, maximum moments and single load
which is placed at a relatively effective joint:

I. Through Warren truss with parallel chords.
1I. Deck Warren truss with parallel chords.
III. Through Pratt truss with parallel chords.
IV. Through Warren truss with polygonal chords.

In chord members it will be seen that for some members, the
secondary stresses are not at their maximum when the primary
stresses are maximum, but inasmuch as the primary stress is general-
Iy much larger than the secondary stress, the total is generally a
maximum when the primary stress is a maximum, that is, when a
truss is fully loaded. Accordingly, the values @, b and ¢ for maximum
moments of the chord members are omitted here,
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II. Numerical Moment Formulae for Through Warren

Truss with Parallel Chords.

1. Moments due to Full Lower Joint Loads. Coeff, : PMM

-Amax. mn

1 3 5 Vi 9 1
+ -
=
) 2 4 B 8 10 12
Fig. 15.

Moments of Chord Members :

M (portal
M (portal
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (lower
M (upper
M (upper
M (upper
M (upper
M (upper
M (upper
M (upper
M (upper
M (upper
M (upper

0-1, lower) = (0.95 n—0.70)+2.13/a; .vvvevrenrenns {1).

0-1, upper) = (0.63 n—3.00)+0.70/as v.vvereennon.. (2)
chord 0-2, left) = (—0.950+0.70)—2.13/a; ........ (3)
chord 0-2, right) = (—0.35 n—2.50)—38.21/a; ....... (4)
chord 24, left) = (—0.21 n+3.60)+3.28/a; ......... (5)
chord 2-4, right) = (—1.912+2.20)+4.14/a; ....... (6)
chord 4-6, left) = (—1.022+10.60)—4.68/a;........ (7)
chord 4-6, right) = (—1.50 n—2.25)—5.32/a; ....... (8)
chord 6-8, left) = (0.53n+8.07)+5.32/as veverrunnn. (9)
chord 6-8, right) = (—3.20 n+12.10)+5.49/a, ...... (10)
chord 8-10, left) = (0.02n+13.50)—5.58/as . cvvuu.n. (11)
chord 8-10, right) = (—2.33 n—0.25)—6.43/a; ...... (12)

chord 10-12, left) = (1.00 n+18.55)+6.43/a; ....... (18)
chord 10-12, right) = (—6.40 n+52.60)+6.66/a; .... (14)
chord 1-3, left) = (—2.20 n+7.00)—0.60/a; ........ (15)

chord 1-3, right) = (—1.73 n—3.55)—0.16/a; ....... (18)
chord 3-5, left) = (0.95n+6.60)+0.12/a; .......... an
chord 3-5, right) = (—2.56 n+5.40)+0.00/a; ....... (18)
chord 5-7, left) = (—0.50 n+14.00)—0.15/a; ....... (19)

chord 5-7, right) = (—2.656 n4-0.60)—0.00/a; ...... (20)
chord 7-9, left) = (1.50 n+8.70)+0.00/a; .......... (21)
chord 7-9, right) == (—4.10 n+18.60)+0.00/a; . ..... (22)
chord 9-11, left) = (0.56 n+16.22)—0.00/a; ........ (23)
chord 9-11, right) = (—5.45 n+31.90)—0.00/c . .. .. (24)



A Speedy Method of Calculation for Secondary Stresses of Simple Bridge Trusses 407

Moments of Web Members:
M (diagonal 1-4, upper) = (1.08 n—2.90)—0.08/a; .. v.vvevrn.. (25)

M (diagonal 1-4, lower) = (0.75 n—4.30)+0.22/as ... ........ (26)
M (diagonal 4-5, lower) = (1.50 n—5.90)+0.27/a; ...ovvvun.n. (27)
M (diagonal 4-5, upper) = (1.00 n—7.00)+0.15/a; ............ (28)
M (diagonal 5-8, upper) = (1.16 n—7.00)+0.00/a; . ..v.vuv.n.. (29)
M (diagonal 5-8, lower) = (0.78 n—7.10)+0.03/a; . ....0vuun.. (30)
M (diagonal 8-9, lower) = (1.30 n—9.70)+0.06/a; ............ (31)
M (diagonal 8-9, upper) = (0.90 n—10.00)+0.00/as ....vvuu.. (32)
M (diagonal 9-12, upper) = (1.39 n—12.832)4+0.00/c; ...vvuunn. (33)
M (diagonal 9-12, lower) = (0.79 n—10.65)+0.00/cts .o vevun... (34)
M (sub-vertical 1-2, upper) = (0.49 n—1.10)—0.075/a; ........ (35)
M (sub-vertical 1-2, lower) = (0.56 n —1.10)—0.075/a; ........ (36)
M (sub-vertical 3-4, upper) = (0.78n—3.05)+0.045/a; ......... (87)
M (sub-vertical 3-4, lower) == (0.68 n—2.55)+0.045/a; ........ (38)
M (sub-vertical 5-6, upper) = (0.90 n—5.40)—0.00/a; ......... (39)
M (sub-vertical 5-6, lower) = (0.97 n—5.82)—0.00/0; ......... (40)
M (sub-vertical 7-8, upper) = (1.15n—9.20)+0.00/a, ..... cees (41
M (sub-vertical 7-8, lower) = (1.10 n—8.80)+0.00/a; ......... (42)
M (sub-vertical 9-10, upper) = (1.25 n—12.50)—0.00/a; ....... (43)
M (sub-vertical 9-10, lower) = (1.33 n—13.50)—0.00/a; ....... (44)
M (sub-vertical 11-12, upper) = (1.37 n—16,44)+0.00/a; ...... (45)
M (sub-vertical 11-12, lower) = (1.28 n—15.36)+0.00/¢; ...... (46)
2. Moments due to Full Upper Joint Loads. Coeff.: Pl Lo,

max. mn

7 3 5 7 9 1

Fig. 16.

Moments of Chord Members:
M (portal 0-1, lower) = (0.95n—0.70)+0.51/a, ....coevvnnne (47)

M (portal 0-1, upper) = (0.63 n—3.00)+2.16/c; +evvuernennen . (48)
M (lower chord 0-2, left) = (—0.95 n+0.70)—0.51/a, ........ (49)



408 T. Sakai.
M (lower chord 0-2, right) = (—0.85»—3.00)+0.15/a, ....... (50)
M (lower chord 2-4, left) = (—0.217+4.10)—0.24/a, ........ (51)
M (lower chord 2-4, right) = (—1.91n+2.20)—0.12/a, ....... (52)
M (lower chord 4-6, left) = (—1.022+410.60)—0.22/a, ....... (63)
M (lower chord 4-6, right) = (—1.50 n—2.25)—0.075/a, ...... (54)
M (lower, chord 6-8, left) = (0.53 n+8.07)+0.075/a, ......... (5b)
M (lower chord 6-8, right) = (—3.20 n+12.10)+0.00/a, ...... (56)
M (lower chord 8-10, left) = (0.02 n+13.50)+0.00/a, ........ (57)
M (lower chord 8-10, right) = (—2.383 n—0.25)+0.00/a, ...... (68)
M (lower chord 10-12, left) = (1.00 n+13.55)+0.00/a, ....... (59)

M (lower chord 10-12, right) = (—6.40 n+52.60)+0.00/a, .... (60)

M (upper chord 1-3, left) = (—2.20 n+7.00)—3.34/a, ........ (61)
M (upper chord 1-3, right) = (—1.73 n—3.558)—5.47/a, ....... (62)
M (upper chord 3-5, left) = (0.95n+6.60)+5.52/a, .......... (63)
M (upper chord 8-5, right) = (—2.56 n+5.40)+6.66/a, . ... ... (64)
M (upper chord 5-7, left) = (—0.50 n+14.00)—6.84/a, ....... (65)
M (upper chord 5-7, right) = (—2.65 n.40.50)—"7.85/a, . ... ... (G6)
M (upper chord 7-9, left) = (1.50 n+8.70)+7.35/a, .......... (67)
M (upper chord 7-9, right) = (—4.10 n+18.60)+7.50/a, . ..... (68)
M (upper chord 9-11, left) = (0.56 n+16.22)—7.50/a, ........ (69)

M (upper chord 9-11, right) = (—5.45 n+31.90)=7.92/a, .... (70)

Moments of Web Members:

M (diagonal 1-4, upper) = (1.08 n—2.90)+0.9%a, ............ (71)
M (diagonal 1-4, lower) = (0.75 n—4.85)+0.43/a, ............ (72)
M (diagonal 4-5, lower) = (1.50 n—5.90)—0.03/a, ............ (73)
M (diagonal 4-5, upper) = (1.00 n—7.00)+0.12/a, ............ (74)
M (diagonal 5-8, upper) = (1.16 n—7.00)+0.06/a, ............ (75)
M (diagonal 5-8, lower) = (0.78 n—7.10)+-0.00/a, ............ (76)
M (diagonal 8-9, lower) = (1.80 n—9.70)+0.00/a, ............ (77)
M (diagonal 8-9, upper) = (0.90 n—10.00)+0.00/a, ........... (78)
M (diagonal 9-12, upper) = (1.39 n—12.32)+0.00/a, ....... v (79)

M (diagonal 9-12, lo
M (sub-vertical 1-2,
M (sub-vertical 1-2,
M (sub-vertical 3-4,
M (sub-vertical 3-4,
M (sub-vertical 5-6,
M (sub-vertical 5-6,
M (sub-vertical 7-8,
M (sub-vertical 7-8,

wer) = (0.79 n—10.65)+0.00/a, .......... (80)
upper) = (0.49 n—1.10)+0.19/a, ......... (81)
lower) = (0.56 n—1.10)+0.09/a, ......... (82)
upper) = (0.78 n—38.05)—0.045/a, ........ (83)
lower) = (0.68 n—2.55)—0.06/a, ......... (84)
upper) = (0.90 n—5.40)+0.00/a, ......... (85)
lower) = (0.97 n—b5.82)+0.00/a, ......... (86)
upper) = (1.15 n—9.20)—0.00/a, ......... (87)
lower) = (1.10 n—8.80)—0.00/a, ......... (88)
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M (sub-vertical 9-10, upper) = (1.25 n—12.50)+0.00/a, . ...... (89)
M (sub-vertical 9-10, lower) = (1.33 n—13.30)+0.00/a, ....... (90)
M (sub-vertical 11-12, upper) = (1.37 n—16.44)—0.00/a,, ...... (91)
M (sub-vertical 11-12, lower) = (1.28 n—15.36)—0.00/a,, ...... (92)
3. Mazimum Moments due to Live Loads. Coeff. : PME:WL

Amax . C‘)n'ﬂ

7 3 3 7 9 17

Iy

4
G
A9 2 4 6 le 10 12

Fig. 17.

Moments of Web Members :

M (diagonal 1-4, upper) = (1.08 n—2.80)+0.27/a; ........... (93)
M (diagonal 1-4, lower) = (0.6272—1.62)+0.855/a; .......... (94)
M (diagonal 4-5, lower) = (1.50 n—5.53)+0.70/a; ........... (95)
M (diagonal 4-5, upper) = (1.00 n—4.55)+0.105/a; . ......... (96)
M (diagonal 5-8, upper) = (1.00 n—4.90)+0.08/a; ........... (97),
M (diagonal 5-8, lower) = (0.70 n-—4.10)+0.36/a; ........... (98)
M (diagonal 8-9, lower) = (1.28 n—8.30)+0.3%/a; ........... (99)
M (diagonal 8-9, upper) = (0.74 n—5.10)+0.075/a¢ .......... (100)
M (diagonal 9-12, upper) = 5.974+0.00/an =12) ........... (101)
M (diagonal 9-12, lower) = 2.70+0.865/a(n = 12) .......... (102)
M (sub-vertical 1-2, upper) = (0.49 n—1.12)—0.04/a; ........ (103)
M (sub-vertical 1-2, lower) = (0.56 n—1.10)—0.06/a; ........ (104)
M (sub-vertical 3-4, upper) = (0.78 n—2.75)+0.09a; ........ (105)
M (sub-vertical 3-4, lower) = (0.68 n—2.35)+0.18/a; ........ (106)
M (sub-vertical 5-6, upper) = (0.85 n—4.15)—0.03/a; ........ (107)
M (sub-vertical 5-6, lower) = (0.91 n—4.40)—0.045/a; ....... (108)
M (sub-vertical 7-8, upper) = (1.07 n—6.61)+0.09/as ........ (109)
M (sub-vertical 7-8, lower) = (1.01 n—6.30)+0.20/a; ........ (110)
M (sub-vertical 9-10, upper) = (0.98 n—7.00)—0.03/a; ....... (111)
M (sub-vertical 9-10, lower) = (1.04 n—7.50)—0.05/a; . ...... (112)
M (sub-vertical 11-12, upper) = 3.414+0.09/a,(n =12) ....... (113)

M (sub-vertical 11-12, lower) = 8.27+40.18/ay)(n = 12) ....... (114)
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4.  Moments due to a Single Load. Coeff. : P&@"—‘—Iﬂ

max, k’mn

7 3 5 7 9 7"
+ -
GO\
& g 2 4 6 8 0 12
Fig. 18.

Moments of Chord Members :

M (portal 0-1, lower)(load at joint 2) = 1.70+2.02/at ....... (115)
M (portal 0-1, upper)(load at joint 2) = —3.30+0.78/a; .... (116)
(load at joint 4) =2.90 .............. (17

M (lower chord 0-2, left)(load at joint 2) = —1.70—2. 02/at eee (118)
M (lower chord 0-2, right)(load at joint 2) = —4.55—38.04/a; . (119)

M (lower chord 2-4, left)(load at joint 2) = 4.40+3.04/a; ..... (120)
M (lower chord 2-4, right)(load at joint 2) = 0.85+2.58/a; ... (121)
(load at joint 4) = —7.30 ......... (122)

M (lower chord 4-6, left)(load at joint 4) =7.00 ............. (128)

(load at joint 6) = —3.80—3.11/a; ... (124)
M (lower chord 4-6, right)(load at joint 6) = —11.70—4.38/a, . (125)

M (lower chord 6-8, left)(load at joint 6) = 11.90+4.40/a; .... (126)
M (lower chord 6-8, right)(load at joint 6) = 2.15+3.10/a,. ... (127)
(load at joint 8) = —13.80 ........ (128)

(load at joint 10) = —0.15+2.49/a, . (129)
M (lower chord 8-10, left)(load at joint 6) = 0.70—2.47/¢, . ... (130)
(load at joint 8) = 14.20 ........... (131)
(load at joint 10) = —4.10—~3.39/e; . (132)
M (lower chord 8-10, right)(load at joint 10) = —17.80—5.08/a; (133)
M (lower chord 10-12, left)(load at joint 10) = 17.80+5.13/e, .. (184)
M (lower chord 10-12, right)(load at joint 10) = 8.10+3.60/a, . (135)

(load at joint 12) = —16.55 ............ (186)
(load at joint 14) = —0.35+2.71/a; .. .... (187)
M (upper chord 1-3, left)(load at joint 2) = 3.00—0.36/a; ..... (138)
(load at joint4) = —5.05 .............. (139)
M (upper chord 1-3, right)(load at joint 4) = —11.15 ........ (140)

M (upper chord 3-5, left)(load at joint 4) =11.00 ,.......... (141)
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M (upper chord 3-5, right)(load at joint 6) = —18.25—0.075/a, (142)
M (upper chord 5-7, left)(load at joint 6) = 13.60—0.075/a; ... (143)
M (upper chord 57, right)(load at joint 8) = —18.35 ........ (144)
M (upper chord 7-9, left)(load at joint 8) = 18.40............ (145)
M (upper chord 7-9, right)(load at joint 10) = ~19.25~0.015/a, (146)
M (upper chord 9-11, left)(load at joint 10) = 19,45+0.015/a; . (147)

M (upper chord 9-11, right)(load at joint 12) = —21.00 ...... (148)
Moments of Web Members :
M (diagonal 1-4, upper)(load at joint 2) = 0.80—0.39/a; ...... (149)
(load at joint 6) = 1.50+0.36/as ........ (150)
M (diagonal 1-4, lower)(load at joint 2) = —0.75—0.61/a, .... (151)
(load at joint 6) = 1.804+0.81/ay «....... (152)
M (diagonal 4-5, lower)(load at joint 2) = —0.30—0.48/a, .... (153)
(load at joint 6) = 1.57+0.67/a; ........ (154)
M (diagonal 4-5, upper)(load at joint 2) = —0.68—0.20/a; .... (155)
(load at joint 8) =2.20 ................ (156)
M (diagonal 5-8, upper)(load at joint 4) = —0.45 ............ (157)
(load at joint 10) = 1.25+0.18/a ....... (138)
M (diagonal 5-8, lower)(load at joint 6) = —0.75-0.31/a, .... (159)
(load at joint 10) = 1.25-+0.37/a; ....... (160)
M (diagonal 8-9, lower)(load at joint 6) = —-0.72—0.31/a; .... (161)
(load at joint 10) = 1.25+0.37/a; ,....... (162)
M (diagonal 8-9, upper)(load at joint 6) = —0.95—0.15/a; .., . (163)
(load at joint 12) = 1.25 ............... (164)
M (diagonal 9-12, upper)(load at joint 8) = —0.90 ........... (165)
(load at joint 14) = 1.45+0.16/a; ...... . (166)
M (diagonal 9-12, lower)(load at joint 10) = —0,95—~0.84/a; .. (167)
(load at joint 14) = 1.20+0.34/a, ....... (168)
M (sub-vertical 1-2, upper)(load at joint 4) = 1.00 ........... (169)
M (sub-vertical 1-2, lower)(load at joint 4) = 1.10 ........... (170)
M (sub-vertical 3-4, upper)(load at joint 2) = —0.25—0,046/a;. (171)
(load at joint 6) = 1.35+0.09/a; ........ (172)
M (sub-vertical 3—4, lower)(load at joint 2) = —0.23—0.11/a, .. (173)
(load at joint 6) = 1.25+-0.16/a; ........ (174)
M (sub-vertical 5-6, upperj(load at joint 4) = —0.60 ......... (175)
(load at joint 8) =135 ................ (176)
M (sub-vertical 5-6, lower\(load at joint 4) = —0.60 ......... a7
(load at joint 8) =1.40 .......c.c....n.. (178)

M (sub-vertical 7-8, upper)(load at joint 6) = —0.95—0.075/a,. (179)
(load at joint 10) = 1.50+0.10/a, ....... (180)
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M (sub-vertical 7-8, lower)(load at joint 6) = —0,95—0.15/a, .. (181)

(load at joint 10) = 1.50+0.18/a; ....... (182)

M (sub-vertical 9-10, upper)(load at joint 8) = —1.20 ........ (183)
(load at joint 12) = 1.40 .. .ovvennnen. (184)

M (sub-vertical 9-10, lower)(load at joint 8) = —1.10 ........ (185)
| (load at joint 12) = 1.60 .. .vveerennnn.. (186)

M (sub-vertical 11-12, upper)(load at joint 10) = —1.35—0.09/e, (187)
(load at joint 14) = 1.354+0.09/a; ....... (188)

M (sub-vertical 11~12, lower)(load at joint 10) = —1.30—0.18/a; (189)

(load at joint 14) = 1.30+0.18/a; ....... (190)

ITI. Numerical Moment Formulae for Deck Warren
’ " Truss with Parallel Chords.

1. Moments due to Full Upper Joint Loads (evcept O1 and Of)
Coeff‘.: P_a’ﬂ&_}zmn

AH] ax. mn

01 3 5 7 9 11
4= o
—>
0 2 4 6 8 10 12
' Fig. 19.

Moments of Chord Members:

M (lower chord 0-2, left) = (—1.15 n+0.58)—0.40/a, ........ (191)
M (lower chord 0-2, right) = (—0.42 n—2.48)—0.13/a, . ...... (192)
M (lower chord 2-4, left) = (—0.18 n+3.63)+0.04/a, ........ (193)
"M (lower chord 2-4, right) = (—1.80 n+2.10)—0.06/a,, ....... (194)
M (lower chord 4-6, left) = (—1.21 n+10.80)—0.21/a, ....... (195)
M (lower chord 4-6, right) = (—1.50 n—2.25)—0.075/a, ...... (196)
M (lower chord 6-8, left) = (0.53 n+8.07)+0.075/a, ......... (197)
M (lower chord 6-8, right) = (—3.20 n+12.10)4+0.00/a, ...... (198)
M (lower chord 8-10, left) = (0.02 n+13.50)+-0.00/a, ........ (199)
M (lower chord 8-10, right) = (—2.33 n—0.25)+0.00/a,, ...... (200)

M (lower chord 10-12, left) = (1.00 n.+18.35)+0.00/a, ....... (201)
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M (lower chord 10-12, right) = (—6.40 n+52.60)+0.00/a, .... (202)

M (upper chord 0,-1, left) = (—0.39 2 4+0.23)+0.10/a, ....... (203)
M (upper chord 0-1, right) = (—0.91 2—0.90)+1.03/a, . ..... (204)
M (upper chord 1-3, left) = (—1.66 n +7.40)—3.82/a, ........ (205)
M (npper chord 1-3, right) = (—1.58 n—2.85)—5.65/a, ...... (206)
M (upper chord 3-5, left) = (0.83 n+5.70)+5.70/a, .......... (207)
M (upper chord 3-5, right) = (—2.56 n+5.40) +6.66/a, ...... (208)
M (upper chord 5-7, left) = (—0.50 n+14.00)—6.84/a, ....... (209)
M (upper chord 5-7, right) = (—2.65 n+0.50)—7.35/a, . ...... (210)
M (upper chord 7-9, left) = (1.50 n+8.70)+7.835/ay vvvvuvuenn. (211)
M (upper chord 7-9, right) = (—4.10 n+18.60)+7.50/a, ..... (212)
M (upper chord 9-11, left) = (0.56 n+16.22)—7.50/a, ........ (213)
M (upper chord 9-11, right) = (—5.45 n+81.9)~7.92/a, ..... (214)
Moments of Web Membefs :
M (diagonal 0-1, lower) = (0.83 n—0.43)+-0.48/a, ........... (215)
M (diagonal 0-1, upper) = (0.85 n—2.80)+1.78/a, ........... (216)
M (diagonal 1-4, upper) = (1.20 n—2.60)+0.84/ct, .....v..... (217)
M (diagonal 1-4, lower) = (0-83 n—4.45)+0.36/a, ........... (218)
M (diagonal 4-5, lower) = (1.50 n—5.90)—0.08/a, ........... (219)
M (diagonal 4-5, upper) = (1.00 n—7.00)+0.12/a, ....cuv.... (220)
M (diagonal 5-8, upper) = (1.16 n—7.00)+0.06/a; «.......... (221)
M (diagonal 5-8, lower) = (0.78 n—7.10)+0.00/a; ........... (222)
M (diagonal 8-9, lower) = (1.30 n—9.70)+0.00/c, ........... (223)
M (diagonal 8-9, upper) = (0.90 n—10.00)+0.00/ay .......... (224)
M (diagonal 9-12, upper) = (1.39 n—12.82)+0.00/a, ......... (223)
M (diagonal 9-12, lower) = (0.79 n—10.65)+0.00/a, . ......... (226)
M (sub-vertical 0,~0, upper) = (0.39 n—0.23)—0.10/a, ........ (227)
M (sub-vertical 0;~0, lower) = (0.32 n—0.15)—0.08/c, ........ (228)
M (sub-vertical 1-2, upper) = (0.52n—1.10)+0.17/a, ........ (229)
M (sub-vertical 1-2, lower) = (0.60 n—1,20)+0.09/c, ......... (230)
M (sub-vertical 3-4, upper) = (0.75 n—2.85)—0.045/a, ....... (231)
M (sub-vertical 83-4, lower) = (0.68 n—2.55)—0.06/a, ......... (232)
M (sub-vertical 5-6, upper) = (0.90 n—5.40)+0.00/a, . ........ (233)
M (sub-vertical 5-6, lower) = (0.97 n—5.82)+0.00/a,, ......... (234)
M (sub-vertical 7-8, upper) = (1.15 n—9.20)—0.00/a, ........ (235)
M (sub-vertical 7-8, lower) = (1.10 n—8.80)—0.00/a, ......... (236)
M (sub-vertical 9-10, upper) = (1.25 n—12.50)+0.00/a, .. ..... (287)
M (sub-vertical 9-10, lower) = (1.83 n—13.30)+0.00/a, ....... (238)
M (sub-vertical 11-12, upper) = (1.37 n~16.44)—0.00/a, .:... (239)

M (sub-vertical 11-12, lower) = (1.28 n—15.36)—0.00/a, . ..... (240)
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2. Moments due to Full Lower Joint Loads. Coeff. ;- Pg—"—“i‘l"—:rf—mﬁ
7 B | 5 7 9 7i
+ -
—D
0 2 4 /6 8 10 72
Fig. 20.
Moments of Chord Members:
M (lower chord 0-2, left) = (—1.15n+0.88)—2.20/a; ........ (241)
M (lower chord 0-2, right) = (—0.42 n—2.43)—3.41/a, ....... (242)
M (lower chord 2-4, left) = (—0.18 n+8.63)+3.48/a; ........ (243)
M (lower chord 2-4, right) = (—1.80 n+2.10)+4.11/a; ....... (244)
M (lower chord 4-6, left) = (—1.21 n+10.80)—4.63/a; ....... (245)
M (lower chord 4-6, right) = (—1.50 n—2.25)—5.32/a, ....... (246)
M (lower chord 6-8, left) = (0.53 n+8.07)+5.32/a; .......... (247)
M (lower chord 6-8, right) = (—3.20 n+12.10)+5.49/a; ...... (248)
M (lower chord 8-10, left) = (0.02 n+13.50)—5.58/a; ........ (249)
M (lower chord 8-10, right) = (—2.33n—0.25)—6.48/a; ...... (250)
M (lower chord 10-12, left) = (1.00 n+13.55)+6.43/a; ....... (251)
M (lower chord 10-12, right) = (—6.40 n4-52.60)+6.66/a; .... (252)
M (upper chord 01, left) = (~0.39 n+-0.23)—0.10/a; ....... (253)
M (upper chord 0,-1, right) = (—0.91n— 0.90)—0.21/a; ...... (254)
M (upper chord 1-3, left) = (—1.66 n+7.40)—0.49/a, ........ (255)
M (upper chord 1-3, right) = (—1.58 n—2.85)—0.15/a; ....... (256)
M (upper chord 8-5, left) = (0.83 n+5.70)+0.12/a; .......... (257)
M (upper chord 3-5, right) = (—2.56 n+5.40)+0.00/a; ...... (258)
M (upper chord 5-7, left) = (—0.50 n+14.€0)—0.15/a; ....... (259)
M (upper chord 5-7, right) = (—2.65 n+0.50)—0.00/a; ....... (260)
M (upper chord 7-9, left) = (1.50 n+8.70)+-0.00/a; .......... {261)
M (upper chord 7-9, right) = (—4.10 n4-18.60)+0.00/a; ... ... (262)
M (upper chord 9-11, left) = (0.56 n+16.22)—0.00/a; ........ (263)
M (upper chord 9-11, right) = (—5.45 n+31.9)—0.00/a; . ..... {264)
Moments of Web Members :
M (diagonal 0-1, lower) = (0.83 n—0.43)+2.02/a; ............ (265)

M (diagonal 0-1, upper) = (0.85 n—2.80)+0.76/a; ........... (266)
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M (diagonal 1-14, upper) = (1.20 n—2.60)4+0.00/a; ........... (267)
" M (diagonal 1-4, lower) = (0.83 n—4.45)+0.24/a; ... ...... (268)
M {diagonal 1-5, lower) = (1.5 n—5.90)4+-0.24/as ............ (269)
M (diagonal 4-5, upper) = (1,00 n—7.00)+0.15/a; ........... (270)
M (diagonal 5-8, upper) = (1.16 n—7.00)+0.00/a; ............ (271)
M (diagonal 5-8, lower) = (0.78 n—~7.10)+0.03/as ..evenv..... (272)
M (diagonal 8-9, lower) = (1.30 n—9.70)+0.06/a ...cvv...... (273)
M (diagonal 8-9, upper) = (0,90 n—10.00)+0.00/a; .......... (274)
M (diagonal 9-12, upper) = (1.839n—12.32)+0.00/a; . ......... (275
M (diagonal 9-12, lower) = (0.79 n—10.65)4+0.00/a; .......... (276)
M (sub-vertical 0,~0, upper) = (0.39 n—0.23)+0.10/a; ........ (277)
M (sub-vertical 0,~0, lower) = (0.832 n—0.15)+0.18/a; ........ (278)
M (sub-vertical 1-2, upper) = (0.52 n—1.10)—0.06/a; ......... (279)
M (sub-vertical 1-2, lower) = (0.60 n—1.20)—0.075/a; ........ (280)
M (sub-vertical 3—4, upper) = (0.75 n—2.85)+0.08/a; ......... (281)
M (sub-vertical 3-4, lower) = (0.68 n—2.55)+0.045/a; ........ (282)
M (sub-vertical 5-6, upper) = (0.90 n—5.40)—0.00/a; ......... (283)
M (sub-vertical 5-6, lower) = (0.97 n—5.82)—0.00/a; ......... (284)
M (sub-vertical 7-8, upper) = (1.15n—9.20)+0.00/a; ......... (285
M (sub-vertical 7-8, lower) = (1.10 n—8.80)+0.00/a; ......... (286)
M (sub-vertical 9-10, upper) = (1.26 n—12.50)—0.00/a, . ...... (287)
M (sub-vertical 9-10, lower) = (1.833 n—13.30)—0.00/a; ....... (288)
M (sub-vertical 11-12, upper) = (1.37 n—16.44)+0.00/a; ...... (289)
M (sub-vertical 11-12, lower) = (1.28 n—15.36)+0.00/a; ...... (290)

p o , . a K
3. Maximum Moments due to Live Loads. Coeff,; P—max —_mi
Amax. k'nm

01 7 3 5 7 9 71
o3 o
C—o
/] 2 4 6 8 70 12
Fig. 21.

Moments of Web Members:

M (diagonal 0-1, lower) = (0.83 n—0.483)4+-0.48/a; .. cv.. ... (291)
M (diagonal 0-1, upper) = (0.85 n—0.60)+1.75/a, ...... e (292)
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M (diagonal 1-4, upper) = (1.20 n—2.60)+0.84/a, ........... (293)
M (diagonal 1-4, lower) = (0.66 n—1.70)+0.075/a, ........... (294) -
M (diagonal 4-5, lower) = (1.50 n—5.50)+0.06/a, ............ (295)
M (diagonal 4-5, upper) = (1.13 n—5.60)+0.70/a, ........... (296)
M (diagonal 5-8, upper) = (1.00 n—4.90)+0.37/a, ........... (297)
M (diagonal 5-8, lower) = (0.70 n—4.10)+0.03/a, ............ (298)
M (diagonal 8-9, lower) = (1.28 n—8.30)+0.06/a, ........... (299)
M (diagonal 8-9, upper) = (0.74 n—5.10)+0.87/a; ........... (300)
M (diagonal 9-12, upper) = 5.97+0.39/an = 12) ........... (301)
M (diagonal 9-12, lower) = 2.70+0.09/a(n = 12) ............ (302)
M (sub-vertical 0,-0, upper) = (0.39n—0.23)—0.10/a,, ........ (303)
M (sub-vertical 0,-0, lower) = (0.3272—0.15)—0.08/a, ......... (304)
M (sub-vertical 1-2, upper) = (0.52 n—1.10)+0.17/a, ......... (305)
M (sub-vertical 1-2, lower) = (0.60 n—1.20)+0.09/a, ......... (306)
M (sub-vertical 3-4, upper) = (0.73 n—2.35)—0.045/a, ....... (307)
M (sub-vertical 3-4, lower) = (0.65 n—2.15)—0.045/a, . ....... (308)
M (sub-vertical 5-6, upper) = (0.85 n—4.15)+0.18/a, ........ (309)
M (sub-vertical 5-6, lower) = (0.91 n—4.40)+0.09/0, ......... {310)
M (sub-vertical 7-8, upper) = (1.07 n—6.61)—0.06/a, ........ (311)
M (sub-vertical 7-8, lower) = (1.01 n—6.30)—0.015/a, ........ (312)
M (sub-vertical 9-10, upper) = (0.98 n—7.00)+0.18/a, ....... (313)
M (sub-vertical 9-10, lower) = (1.04 n—7.50)+0.09/a, ........ (314)
M (sub-vertical 11-12, upper) = 3.41—0.05/a(n = 12) ........ (315)
M (sub-vertical 11-12, lower) = 8.27—0.03/a,(n = 12) ........ (316)
4 ‘u P y . Amax, I(mn
. Moments due to a Single Load. Coeff.: P—im:;—m;
Or 7 3 b) 7 g I
-+ i
=D
9 2 4 6 8 19 2
Fig. 22.
Moments of Chord Members: :
M (lower chord 0-2, left)(load at joint 1) = —2.48 ........... (317)
(load at joint 8) = —1.65—0.39/a, ...... (318)

M (lower chord 0-2, right)(load at joint 1) = —4.80 ......... (319)
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M (lower chord 2-4, left)(load at joint 1) =4.50 ............. (320)
M (lower chord 2-4, right)(load at joint 3) = —7.30—0.00/a, . (321)
M (lower chord 4-6, left)(load at joint 3) = 7.05—0.09/a, ..... (322)
M (lower chord 4-6, right)(load at joint 5) = —12.00 ........ (323)
M (lower chord 6-8, left)(load at joint 5) = 11.75 ............ (324)

M (lower chord 6-8, right)(load at joint 7) = —14.40—0.00/a, . (325)
M (lower chord 8-10, left)(load at joint 7) = 14.20+0.00/a, ... (326)

M (lower chord 8-10, right)(load at joint 9) = —17.80........ (327)
M (lower chord 10-12, left)(load at joint 9) = 17.80 .......... (328)
M (lower chord 10-12, right)(load at joint 11)=-16.55—0.015/a, (329)
M (upper chord 0,~1, right)(load at joint 1) = —4.20 ......... (330)
(load at joint 8) = —0.15+1.C0/a, ...... (331)

M (upper chord 1-3, left)(load at joint 1) = 5.05 ............. (332)
(load at joint 8) = ~5.00—38.66/a, ...... (333)

M (upper chord 1-3, right)(load at joint 3) = —11.40—5.04/a,. (334)
M (upper chord 3-5, left)(load at joint 8) = 11.10+5.04/a, ... . (335)

(load at joint 7) = 2.00+0.75/a, ........ (336)

M (uppel chord 3-5, right)(load at joint 8) = 1.50+3.75/a, ... (337)
(load at joint 5) = —13.00 ............. (338)

(load at joint 7) = 0.50+2.67/a, ........ (339)

M (uppe1 chord 5-7, left)(load at joint 8) == 1.10-2.64/a, ...... (340)
(load at joint 5) = 18.50 .......c0ovvunne (341)

(load at joint 7) = —5.00—3.90/a, ...... (342)

M (upper chord 5-7, right)(load at joint 7) = —18.40—5.73/a,. (343)
. M (upper chord 7-9, left)(load at joint 7) = 18.40+5.73/a, .. .. (344)
M (apper chord 7-9, night)(load at joint 7) = 3.00+4.02/a, ... (345)

: (load at joint 9) = —19.35 .. ........u.. (346)

E (load at joint 11) = —0.40+-8.15/a,, ..... (347)
M (upper chord 9-11, left)(load at joint 7) = 06.33—3.25/¢, .... (348)
(load at joint 9) = 19. 50 ............... (349)

(load at joint 11) = —3.35—4.17/a, ..... (350)

M (upper chord 9-11, right)(load at joint 11) = —21.20—6.21/a, (351)

Moments of Web Members:

M (diagonal 0-1, lower)(load at joint 1) = 165 .............. (352)
(load at joint 8) = 1.354+0.46/a, ........ (3563)
M (diagonal 0--1, upper)(load at joint 1) = —2.05............ (354)
(load at joint 3) = 2.954+1.68/a, ...v.... (355)
I (diagonal 1-4, upper)(load at joint 3) = 1.30+0.79/a, . ..... (356)
M (diagonal 1-4, lower)(load at joint 1) = —0.52 ..\..v.n.... (357)

(load at joint 5) =1.80 .....c..covvvunnn. (358)
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M (diagonal 4-5, lower)(load at joint 1) = —0.32 ............
(load at joint 7) = 2.154+0.31/a, ........

M (dlagonal 4-5, upper)(load at joint 8) = —1.00—0.63/a, ....
(load at joint 7) = 2.20+0.70/a, ........

M (diagonal 0-8, upper)(load at joint 3) = —0.45—0.30/a, ....
(load at joint 7) = 1.00+-0.36/a, ........
"M (diagonal 5-8, lower)(load at joint 3) = —0.70—0.14/a, ....
(load at joint 9) =1.25 ................

M (diagonal 8-9, lower)(load at joint 5) = —0.70 ............
(load at joint 11) = 1.40+0.18/a, .......

B (diagonal 8-9, upper)(load at joint 7) = —0.95—0.84/e, ....
(load at joint 11) = 1.254+0.836/0; +vv0vu.

M (diagonal 9-12, upper)(load at joint 7) = —0.90—0.38/a, ...
(load at joint 11) = 1.304+0.36/aty «..v...

M (diagonal 9-12, lower)(load at joint 7) = —1.10—0.16/a, ...
(load at joint 13) = 1.20 ...cvvennnenn.

M (sub-vertical 0;-0, upper)(load at joint 1) = 0.95 ..... covas
M (sub-vertical 0,0, lower)(load at joint 1) = 0.85 ...........

M (sub-vertical 1-2, upper)(load at joint 8) = 1.00-+0.16/a, ...

M (sub-vertical 1-2, lower)(load at joint 3) = 1.10+0.09/a, ...
M (sub-vertical 3-4, upper)(load at joint 1) = —0.32 .........
(load at joint 5) = 1.20 ....eivnerennons
M (sub-vertical 3-4, lower)(load af joint 1) = —-0.25 .........
(load at joint 5) =1.20 ....cvvveernenen

M (sub-vertical 5-6, upper)(load at joint 3) = —0.65—0.13/a,
(load at joint 7) = 1.40+0.18/a, ovvvunn.

M (sub-vertical 5-6, lower)(load at joint 3) = —0.60—0.07/a,
(load at joint 7) = 1.504+0.09/a, +.vvu...
M (sub-vertical 7-8, upper)(load at joint 5) = —0.95 .........
“(load at joint 9) =150 ........c00uv...
M (sub-vertical 7-8, lower)(load at joint 5) = —0.90 .........
(load at joint 9) =150 ................
M (sub-vertical 9-10, upper)(load at joint 7) = —1.20—0.16/q,.
(load at joint 11) = 1.45+4-0.18/a, .......
M (sub-vertical 9-10, lower)(load at joint 7) = —1.20—0.09/a, .
(load at joint 11) = 1.5040.07/a, «..e...
M (sub-vertical 11-12, upper)(load at joint 9) = —1.35 .......
(load at joint 13) = 1.85 .....cvvernnsns
M (sub-veltlcal 11-12, lower)(load at joint 9) = —1.80........
(load at joint 18) = 1.30 .......cvvuenen

(398)
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5. Moments due to a Single Load at Joint O,. Coeff. : plmax.

419

Ko

lmax. mn

04 1 J 5 7 9 I
4 -
> ,
0 2 4 6 § 10 12
Fig. 23.

Moments of Chord Members:

M (lower chord 0-2, left) = 0.17/a, oo ievnvneniien....
M (lower chord 0-2, right) = 0.05/e, ..ccvvvnneeeienennnnnn
M (lower chord 2-4, left) = —0.03/ct, vvovvvinevnnnennninn...
M (lower chord 2-4, right) = 0.02/a, ........ocvviiieiiias
M (lower chord 4-6, left) = 0.05/c, «vvveviiiinniennnennnns
M (lower chord 4-6, right) = 0.015/a, .......ccvvvvevnunnn...
M (upper chord 0—1, left) = 0.30/a; vevvreeeneeenneennnnn..
M (upper chord 0;-1, right) = 1.38/a, .....co0vee. SR
M (upper chord 1-3, left) = —0.88/a, .....evvvvvvvvnnnnn...
M (upper chord 1-3, right) = —0.19/a, ....covvviiinnennnnes
M (upper chord 3-5, left) = 0.18/a, vouvevrvvieeienernonnns,
M (upper chord 3-5, right) = 0.06/a; o . vveueerronneeneanenn
M (upper chord 5-7, left) = 0.04/a, .vevveenerns coeecarannns

Moments of Web Members :

M (diagonal 0-1, lower) = —0.035/@g o veverenrooraseceraanns
M (diagonal 0-1, upper) = —0.43/a; ¢.ccvverrrvoroocncronas
M (diagonal 1-4, upper) = —0.22/@, «veeveerancrcsorreaccas
M (diagonal 1~4, lower) = —0.09/t; covvuivierevannennenn.
M (sub-vertical 0;-0, upper) = —0.80/0 vvvvvveeeeneenennens
M (sub-vertical 00, lower) = —0.14/a, +...vvverreenrnnen.s
M (sub-vertical 1-2, upper) = —0.05/a, «.evveeeennn cereaees

M (sub-vertical 1-2, lower) = —0.08/a, ....ovvvurenrrrneoens
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V.
Truss with Parallel Chords.

ACoeff. :

Numerical Moment Formulae for Through Pratt

Pamax. I(m%: “

1. Moments due to Full Lower Joint Loads. i A
7. 3 5 7 9 77
P
)
2 4 6 8 10 2
V : \ ¥ /
Fig. 24. :

Moments of Chord Members: .
M (portal 0-1, lower) = (1.20 n—2.15)4+1.80/@; +vervurrnrenns (420)
M (portal 0-1, upper) = (2.70 n—~11.30)+0.57/as e e vveeenn... (421)
M (lower ohord 0-2, left) = (—1.20n+2.15)—1.80/as s c v evnw (422)
M (lower chord 0-2, right) = (—0.20 n—3.40)—2.40/a; . ...... (423)
M (lower chord 2-4, left) = (—0.42 n+4.50)+2.42/a; . «........ (424)
M (lower chord 2-4, right) = (—0.70 n—1.90)+1.85/a; «...... (425)
M (lower chord 4-6, left) = (—3.15 n+18.60)—1.25/a; ... ..... (426)
M (lower chord 4-6, right) = (—38.10 n+6.65)—0.38/a; ....... (427)
M (lower chord 6-8, left) = (—0.78 n+16.85)+0.30/a ¢ vt (428)
M (lower chord 6-8, right) = (0.54 n—23.10)+0.08/a; ........ (429)
M (lower chord 8-10, left) = (—3.00 n+42.80)—0.07/a; ...... (430)
M (lower chord 8-10, right) = (—4.60 n+18.70)—0.025/a; . ... (431)
© M (upper chord 1-3, left) = (—4.04 n+15.05)—0.42/as ....... (432)
M (upper chord 1-3, right) = (—2.51 n—5.40)—0.05/a; o...... (433)
M (upper chord 8-5, left) = (—1.45 n+21.20)4+0.20/a; ....... (434)
M (upper chord 8-5, right) = (—4.10 n+11.80)+0.05/a; .. .. .. (435)
M (upper chord 5-7, left) = (0.49 n+10.25)—0.07/as o e oo ... - {436)
M (upper chord 5-7, right) = (—4.00 n-+11. 93)—0.01 Blag ... (437)
M (upper chord 7-9, left) = (1.82 n+5.67)+0.0i5/a; +..uveu... (438)
M (upper chord 7-9, right) = (—9.00 n+59. 2/)+O Ol/at ..... (439)

Moments of Web Members :

.M (diagonal -4, upper) = (0.69 n—2. 13) 0. 14/at ............ (440)
M (diagonal 1-4, lower) = (0.647n—38.22)—0.22/a; .....c0.... (441)
M (diagonal 3-6, upper) = (0.69 n—2.98)+0.015/a; ,...ovvne. (442)
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M (diagonal 3-6, lower) = (0.68 n—4.05)+0.025/as «v v verveenns (443)
M (diagonal 5-8, upper) = (0.56 n—3.70)—0.00/cts ...eveuuens (444)
M (diagonal 5-8, lower) = (0.52n—4.25)—0.00/a . . vevuen... (445)
M (diagonal 7-10, upper) = (0.38 n—3.35)+0.00/a¢ +.vvuun... (446)
M (diagonal 7-10, lower) = (0.35 n—3.60)+0.00/cs e evevernn.. (447)
M (sub-vertical 1-2, upper) = (0.65 n—1.50V—0.03/a; ........ (448)
M (sub-vertical 1-2, lower) = (0.62 n—1.18)—0.015/a; .. ...... (449)
M (vertical 3-4, upper) = (3.27n—12.82)—0.17/a; vevvuurn.s. (450)
M (vertical 8-4, lower) = (3.21 n—18.40)—0.40/c; ........... (451)
M (vertical 5-6, upper) = (3.05 n—18.40)+0.025/a; «ovvuue... (452)
M (vertical 5-6, lower) = (3.20 n—19.43)+0.06/0s ¢+ v vvvueenss (453)
M (vertical 7-8, upper) = (1.80 n—14.40)—0.00/ats ceveveuon.. (454)
M (vertical 7-8, lower) = (1.94 n—15.50)—0.00/ct; v.vevvoen.. (455)
M (vertical 9-10, upper) = (2.03 n—20.30)+0.00/a; .......... (456)
M (vertical 9-10, lower) = (2.81 n—23.10)+0.00/ct; . v v vunnn (457)

2. Moments due to Ful]l Upper Joint Loads. Coeft. : Pgﬁ’&«gﬁ”ﬂ

Amax. I cmn

7 3 5 7 9 11
N
-;; —
—>
£ z 4 6 8 70 7
TFig. 25.

Moments of Chord Members :

M (portal 0-1, lower) = 1.38n~2.30 ....cciviviuiiannennns (458)
M (portal 0-1, upper) = 3.007—9.95 .. .oeviereenes PN (459)
M (lower chord 0-2, left) = —1.38 n+2.30 ..... heseneotones (460)
M (lower chord 0-2, right) = —0.55n—1.70 ,............. .. (461)
M (lower chord 2-4, left) = —0.15n+3.40 ...cviiieennans .o (462)
M (lower chord 2-4, right) = —0.692+0.10 .......coveans (463)
M (lower chord 4-6, left) = —3.35n+16.09 ..... tesvevarae .. (464)

M (lower chord 4-6, right) = —8.10n+2.80 ......cvvuvnen.. (465)
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M (lower chord 6-8, left) = —1.24n+22.73 ... ......cooaee. (466)
M (lower chord 6-8, right) = 0.54n—22.75 ................. (467)
M (lower chord 8-10, left) = —3.89n+49.45 ................ (468)
M (lower chord 8-10, right) = —45.00(n = 10) .............. (469)
M (upper chord 1-3, left) = —4.44dn+13.70 ................ (470y
M (upper chord 1-3, right) = —2.832—5.00 ..... e - (471)
M (upper chord 3-5, left) = —1.822+2383 ................ (472)
M (upper chord 3-5, right) = —3.00+0.00 ................ (473)
M (upper chord 5-7, left) = —1.33n+26.88 ......ocevinnnns (474)
M (upper chord 5-7, right) = —4.002+8.00 ................ (475)
M (upper chord 7-9, left) = 0.95n+16.90 ......... eeaes .. (476)

M (upper chord 7-9, right) = —26.00(n =10) ............... 477

Moments of Web Members : A
M (diagonal 1-4, upper) = 0.72n—1.90 . ... cvveennnnennnn. (478)

M (diagonal 1-4, lower) = 0.63n—2.55 .. ..oeereenniiiinnnns (479)
M (diagonal 3-6, upper) = 0.83n—3.55......... P (480)
M (diagonal 3-8, lower) = 0.71 n—3.75 - ..\ veeerrereeennnnn. (481)
M (diagonal 5-8, upper) = 0.70n—4.60 ..........cccciioee. (482)
M (diagonal 5-8, lower) == 0.70 n—5.50 ........oeevenvninnns (483)
M (diagonal 7-10, upper) = 0.55n—4.90 ........cciiiiiinnn (484)
M (diagonal 7-10, lower) = 0.552—5.50 ... ovevenneenens (485)
M (sub-vertical 1-2, upper) = 0.721n—1.85 ........covuvvnnnn (486)
M (sub-vertical 1-2, lower) = 0.70 n—1.70 .............ouutn (487)
M (vertical 8~4, upper) = 8.82n—15.28 ...oouiereereeennnnns (488)
M (vertical 3-4, lower) = 3.41n—13.64 ... .0 ieiviiirrnnnn (489)
M (vertical 5-6, upper) = 3.63n—2L.78 ....c.oviiirinarnnnns (490)
M (vertical 5-6, lower) =3.63n—21.78 .......ccvvrrrvnnnnen (491)
M (vertical 7-8, upper) = 2.501n—20.00 ........covieineen (492)
M (vertical 7-8, lower) = 2.65 n—21.20 ... ... eiiiiiinnns (493)
M (vertical 9-10, upper) = 2.80n—28.00 ... ...covevirernnnn (494)
M (vertical 9-10, lower) = 3.350n—33.50 ....... e (495)

Correction for Compressive Sub-vertical.

For the moments of .upper chord members near the centre of a
span, the following amounts shall be added to them as the effect of
the compressive sub-vertical.
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Fig. 26.
M {upper chord 1-3, right): —5.4/a, .c..ovvvvieniiiii.... (496)
M (upper chord 1-3, left): —3.6/a, «ooviviiiiiiiininnnnn.. (497)
M (upper chord 3-5, right): 2.8/a, c.ovviiiiiiniinnnnninn. (498)
M (upper chord 3-5, left): 0.9/a, ...ccovviiinnviinnennnnn.. (499)
M (upper chord 5-7, right): —0.8/a, .vvvvvirvinvinnneannn (500)
M (upper chord 5-7, left): —0.2/t, ..vvvvirininiiniiennnns (601)
3. Mazimum Moments due to Live Loads. CoefT, : P%“—”LEZ@

7 J ) 7 9 i
- -
—5
“0 2 4 6 g "0 12
/ v X X
Fig. 27.
Moments of Web Members:

M (diagonal 1-4, upper) = (0.69 n—2.30)+0.00/a; . .....vuvn.. (602)
M (diagonal 1-4, lower) = (0.564 n—1.70)4+0.00/c; ... ...vu.... (503)
M (diagonal 3-6, upper) = (0.73 n—3.15)4+0.00/a; ........... (504)
M (diagonal 3-6, lower) = (0.65 —3.30)+0.00/a; .. .......... (505)
M (diagonal 5-8, upper) = (0.56 n—38.30)+0.00/a; .......... (506)
M (diagonal 5-8, lower) = (0.65 n—4.45)4+0.00/ay .. ...ov..... (507)
M (diagonal 7-10, upper) = (0.25 n—1.55)+0.00/a; .......... (508)
M (diagonal 7-10, lower) = (0.30 n—2.25)4+0.00/a; ... .. ... (6509)
M (sub-vertical 1-2, upper) = (0.63 n—1.40)+0.00/a; ........ (510)
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M (sub-vertical 1-2, lower) = (0.62 n—1.20)+0.00/a; ......... (511)
M (vertical 3-4, upper) = (3.45 n—13.00)+0.00/a; ........... (512)
- M (vertical 3-4, lower) = (3.05 n—11.10)+0.00/a; ..o vvuv..... (513)
M (vertical 5-6, upper) = (3.30 n—17.80)+0.00/az ........... (514)
M (vertical 5-6, lower) = (3.40 n—18.40)+0.00/a; .. ..v....... (515)
M (vertical 7-8, upper) = (2.327n—15.80)+0.00/a; ........... (516)
M (vertical 7-8, lower) = (2.25n—14.90)+0.00/as ...vuv..... (517)
M (vertical 9-10, upper) = 4.75(n =10) ...ovivviiieennennns (518)
M (vertical 9-10, lower) = 5.60(n =10) ...vvverrrerenncns. (519)

4. Moments due to a Single Load. Coeff.: P@LZQ"—"‘«

Amax « cm’n

7 . 3 5 7 -9 n
-+ -
G—9D
A 2 4 6 8 70 12
TFig. 28.

Moments of Chord Members :

M (portal 0-1, lower)(load at joint 2) = 1.30+1.78/a; ........ (520)
M (portal 0-1, upper)(load at joint 2) = —4.20+0.57/a; ...... (521)
(load at joint 4) = 8,00 4. .vvereeennrnas (522)
(load at joint 6) = 4.40 ..ovveererennnen (523)

M (lower chord 0-2, left)(load at joint 2) = —1.830—1.78/a; ... (524)
M (lower chord 0-2, right)(load at joint 2) = —38.52—2.41/a, . (525)

M (lower chord 2-4, left)(load at joint 2) = 3.40+2.48/a; ..... (526)
M (lower chord 2-4, right)(load at joint 2) = 0.25+1.87/a; ... (527)
(load at joint 4) = —7.20 ...cveenvnne.. (528)

M (lower chord 4-8, left)(load at joint 2) = 1.20—1.25/a; ..... (529)
: (load-at joint 4) = 7.82 ... verevvenennsn (530)

(load at joint 6) = —7.05 vvuuueeennn.n. (531)

M (lowel ch01d 4-6, right)(load at joint 6) = ~13.65 ........ (532)
(load at joint 10) = —4.85 . ..vuverennn. (533)

M (Iowel ohmd 6-8, left)(load at joint 6) = 13.20 ............ (534)
(load at joint 8) = —5.50 ....e0vuen.. .. (B35)

M (lower chord 6-8, right)(load at joint 8) = —19.00 ........ (536)

(load at joint 10) = 5.00 ........ cesenns (587)
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M (lower chord 8-10, left)(load at joint 8) = 19.60,.......... (538)
(load at joint 10) = —8.70 ............. (539)

M (lower chord 8-10, right)(load at joint 8) = 3.85 ,......... (540)
(load at joint 10) = —26.20 ............ (541)

M (upper chord 1-3, left)(load at joint 2) = 4.10—0.40/a; .... (542)
(load at joint 4) =4.22 ........ccvuun.. (548)

(load at joint 6) = —6.10 ,....ovvvennos (544)

(load at joint 8) = —4.60 .............. (545

M (upper chord 1-3, right)(load at joint 4) = —12.15 ........ (546)
M (upper chord 3-5, left)(load at joint 4) =11.90 ............ (547)
M (upper chord 3-5, right)(load at joint 6) = —14.00 ........ (548)
M (upper chord 5-7, left)(load at joint 6) = 14.00 ............ (549)
M (upper chord 5-7, right)(load at joint 8) = —17.30 ........ (550)
M (upper chord 7-9, left)(load at joint 10) = 17.50 .......... (551)
M (upper chord 7-9, right)(load at joint 10) = —25.25 ....... (552)

Moments of Web Members :

M (diagonal 1-4, upper)(load at joint 2) = 0.02—0.14/a; ...... (553)
(load at joint 6) =1.05 ........ccvvnnnn (564)

M (diagonal 1-4, lower)(load at joint 2) = —0.30—0.22fa; .... (555)
(load at joint 6) = 1.10 ..ovuvveneennnn (556)

M (diagonal 3-6, upper)(load at joint 2) = —0.15+0.025/a; ... (557)
(load at joint 8) =1.00 ......cccvuee.nn (558)
M (diagonal 3-6, lower)(load at joint 4) = —0.30 ............ (559)
‘ "~ (load at joint 8) = 1.00 ..........coutn (560)

M (diagonal 5-8, upper)(load at joint 4) = —0.25 ........... . (561)
(load at joint 10) = 0.70 ............... (562)
M (dlagonal 5-8, lower)(load at joint 6) = —0.40 ,........... (563)
(load at joint 10) = 0.75 ... cvviveionns (564)
M (dlagonal 7-10, upper)(load at joint 6) = —0.20 ........... (565)
(load at joint 12) = 0.31 ..c.ovvuvnnnn.n (566)
M (diagonal 7-10, lower)(load at joint 8) = —0.32 ........... (567)
(load at joint 12) = 0.34 ..e.vvvevnnnns (56R)
M (sub-vertical 1-2, upper)(load at joint 2) = —0.02—0.03/a; . (569)
(load at joint 4) = 1.00 ... ceevrevneeens (670)
M (sub-vertical 1-2, lower)(load at joint 4) = 1.15 .......c... (571)
M (vertical 34, upper)(load at joint 2) = —1.17—0.17/a; .. ... (572)
(load at joint 8) = 4.80 ...evvverevnenes (578)
M (vertical 3-4, lowel)(load at joint 2) = —1.15—0.40/a; ..... (574)

- (load at-joint 6) = 4.70 ...ovvrrernnnnn. (575)
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M (vertical 5-6, upper)(load at joint 4) = —1.85 ............ (576)
_ (load at joint 8) = 3.75 ......... ereaan (677)

M (vertical 5-6, lower)(load at joint 4) = —1.70 .. ... s (578)
(load at joint 8) =4.00 ................ (579)

M (vertical 7-8, upper)(load at joint 6) = —1.50 ............. (580)
(load at joint 10) =240 ............... (581)

M (vertical 7-8, lower)(load at joint 6) = —1.70 ............. (582)
(load at joint 10) = 2.80 ............... (583)

M (vertical 9-10, upper)(load at joint 8) = —2.15 ............ (584)
M (vertical 9-10, lower)(load at joint 8) = —2.50 ............ (585)

V. Numerical Moment Formulae for Through Warren
Truss with Polygonal Chords.

1. Moments due to Full Lower Joint Loads. Coeff, : P(—Zl“ﬁél’-@

Amax. k?rm’b
5 Vi 9 71
3
7
+ [
C— _
“0 2 4 6 g 1o 2
Trig. 29.
Moments of Chord Members :
M (portal 0-1, lower) = (0.79 n—0.05)+2.23/a; +.oevvvnvnnn.. (586)
M (portal 0-1, upper) = (0.13 n—2.28)+0.71/as «.vvveuenn... (687)
M (lower chord 0-2, left) = (—0.79 n+0.05)—2.23/a; ........ (588)
M (lower chord 0-2, right) = (—0.54 n—1.82)—3.68/a; ....... (689)
M (lower chord 2-4, left) = (0.06 n+2.74)+3.77/as .o ovuv.. .. (590)
M (lower chord 2-4, right) = (—1.21 n—1.70)+4.77/a; .... ... (591)
M (lower chord 4-8, left) = (—1.22 n+15.25)—5.65/a; ....... (592)
M (lower chord 4-6, right) = (—1.80 n+10.60)—6.50/a; ...... (593)
M (lower chord 6-8, left) = (1.20 n—7.00)+6.58/a; .......... - (594)

M (lower chord 6-8, right) = (—0.60 n—12.80)+7.71/a; ...... (595)
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. M (lower chord 8-10, left) = (—2.33 n+39.70)—8.04/a, ...... (596)
M (lower chord 8~10, right) = (—5.45 n+52.40)—8.67/a .. ... (597)
M (lower chord 10-12, left) = 11.25+8.68/a{(n = 12) ........ (598)
M (lower chord 10-12, right) = —20.90+8.50/a((n = 12) ..... (599)
M (upper chord 1-3, left) = (—1.25 n+5.32)—0.70/a; ........ (600)
M (upper chord 1-3, right) = (—0.83 n—10.04)—0.18/a, ..... (601)
M (upper chord 3-5, left) = (0.23 n413.31)+0.12/a; ......... (602)
M (upper chord 3-5, right) = (—2.85 n+21.30)—0.06/a; ..... (603)
M (upper chord 5-7, left) == (0.82 n—8.72)—0.16/d; +eovvvun.. (604)
M (upper chord 5-7, right) = (—0.50 n—18.50)—0.03/a; ..... (605)
M (upper chord 7-9, left) = (—0.56 n+28.50)—0.00/a; ....... (606)
M (upper chord 7-9, right) = (—7.00 n+72.00)—0.03/a ...... (607)
M (upper chord 9-11, left) = 7.00—0.03/a(n = 12) .......... (608)
M (upper chord 9-11, right) = —28.90—0.00/ayn = 12) ...... (609)

Moments of Web Members:
M (diagonal 1-4, upper) = (0.75n—2.30)+0.06/as +evvevurn.. (610)
M (diagonal 1-4, lower) = (0.65 n—4.90)+0.34/as cvvvuv..... (611)
M (diagonal 4-5, lower) = (1.28 n—~5.60)+0.42/a; «..evvvun... (612)
M (diagonal 4-5, upper) = (0.75 n—4.75)+0.19/a; ........... (613)
M (diagonal 5-8, upper) = (0.756 n—4.65)+0.06/a; ........... (614)
M (diagonal 5-8, lower) = (0.65 n—6.20)+0.18/as ... vve..... (615)
M (diagonal 8-9, lower) = (1.26 n—11.00)+0.12/a; ........... (616)
M (diagonal 8-9, upper) = (0.81 n—8.60)+0.06/a¢ ........... (617)
M (diagonal 9-12, upper) = 2.38+0.00/a(n = 12) ...cvuvnn.. (618)
M (diagonal 9-12, lower) = —0.9040.00/ay(n = 12) .......... (619)
M (sub-vertical 1-2, upper) = (0.37 n—0.74)—0.08/a; ........ (620)
M (sub-vertical 1-2, lower) = (0.46 n—0.92)—0.09/a; ......... (621)
M (sub-vertical 3-4, upper) = (0.60 n—3.27)+0.06/a; ........ (622)
M (sub-vertical 3-4, lower) = (0.55 n—38.05)+0.12/a; ........ (623)
M (sub-vertical 5-G, upper) = (0.583 n—3.18)—0.03/as ........ (624)
M (sub-vertical 5-6, lower) = (0.60 n—3.60)—0.03/a; ........ . (625)
M (sub-vertical 7-8, upper) = (1.06 n—10.00)+0.03/a; ...... .. (626)
M (sub-vertical 7-8, lower) = (1.02 n—9.70)+0.075/as ........ (627)
M (sub-vertical 9-10, upper) = (0.79 n—7.90)—0.015/a; ....... (628)
M (sub-vertical 9-10, lower) = (0.86 n—8.60)—0.015/a, ....... (629)
M (sub-vertical 11-12, upper) =0(n =12) ......c.'veiinvnnn.. (630)

M (sub-vertical 11-12, lower) = 0(n =12) . ...vvrierrrnnn .. (631)
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2. Moments due to Full Upper Joint Loads. Coeff. : Pgﬁ%
5 FZ” 9 7
A0 6 8 10 72
Tig. 30.
Moments of Chord Members :

M (portal 0-1, lower) = (0.79 n—0.05)+0.65/a, .ovvvvvenenn.. (632)
M (portal 0-1, upper) = (0.13 n—2.28)+2.60/cty v.evvvvunnnns (633)
M (lower chord 0-2, lefl) = (—0.79 n+0.05)—0.65/a, vevonn.. (634)
M (lower chord (-2, right) = (—0.54 n—1.82)—0.29/¢tg « ... .. (635)
M (lower chord 24, left) = (0.06 n+2.7T)+01T10s veeeeren.. (636)
M (lower chord 24, right) = (—1.21 n~1.70)—0.10/a, . .«.... (637)
M (lower chord 4-6, left) = (—1.22 n+15.25)~0.30/d; . ...... (638)
M (lower chord 4-6, right) = (—1.80 n+10.60)—0.09/e, ...... (639)
M (lower chord 6-8, left) = (1.20 n—7.00)+0.045/ct, .vuvuovn. (640)
M (lower chord 6-8, right) = (—0.60 n—12.80)—0.03/e, ...... (841)
M (lower chord 8-10, left) = (—2.33 n+39.70)—0.06/a, ...... (642)
M (lower chord 8-10, right) == (—5.45 n-+52.40)—0.03/a, ... .. (643)
M (lower chord 10-12, left) = 11.25+0.00/a,(n =12) ........ (644)
M (lower chord 10-12, right) = —20.90+0.00/a,(n = 12) ..... (645)
M (upper chord. 1-3, left) = (—1.25 n+5.32)—3.7T4/a, .c.vn.n. (646)
M (upper chord 1-3, right) = (—0.83 n—10.04)—6.54/a, ..... (647)
M (upper chord 3-5, left) = (0.23 n+13.81)+6.61/a, coveeenn. (648)
M (upper chord 3-5, right) = (—2.85 n+21.30)+7.86/a; ..... (649)
M (upper chord 5-7, left) = (0.82 n—8.72)—8.86/0; «voevoeses (650)
M (upper chord 5-7, right) = (—0.50 n—18.50)—9.54/a, ..... (651)
M (upper chord 7-9, left) = (—0.56 n+28.50)+9.57/a; «vvure. (652)
M (upper chord 7-9, right) = (—7.00 n+72.00)+10.20/¢, .... (653)
M (upper chord 9-11, left) = 7.00—10.38/a(n = 12) ......... (654)
M (upper chord 9-11, right) = —28.90—10.80/a,(n = 12)..... (655)
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Moments of Web Members:

M (diagonal 1-4, upper) = (0.75 n—2.30)+0.90/a; ........... (656)
M (diagonal 1-4, lower) = (0.65 n—4.90)+0.40/a; +.......... {657)
M (diagonal 4-5, lower) = (1.23 n—>5.60)+0.045/a, .......... (658)
M (diagonal 4-5, upper) = (0.75 n—4.75)+0.27/a; «evviene... (659)
M (diagonal 5-8, upper) = (0.75 n—4.65)+0.15/a, eoveennnn. (660)
M (diagonal 5-8, lower) = (0.65 n—6.20)+0,075/a, «..cv..... (661)
M (diagonal 8-9, lower) = (1.26 n—11.00)+0.03/a, ..... PR (662)
M (diagonal 8-9, upper) = (0.81 n—8.60)+0.03/a; «.vuv..... (663)
M (diagonal 9-12, upper) = 2.38-+0.08/a.(n = 12) ......... .. (664)
M (diagonal 9-12, lower) = —0.90+0.04/a(n =12) .......... (665)
M (sub-vertical 1~2, upper) = (0.37 n—0.74)+0.24/a, ........ (666)
M (sub-vertical 1-2, lower) = (0.46 n—0.92)+0.12/a, ......... (667)
M (sub-vertical 3-4, upper) = (0.60 n—3.27)~0.07/a, ........ (668)
M (sub-vertical 3-4, lower) = (0.55 n—3.05)—0.045/a, .. ...... (669)
M (sub-vertical 5-6, upper) = (0.583 n—3.18)+0.08/a, ........ (670)
M (sub-vertical 5-6, lower) = (0.60 n—3.60)+0.045/a, ........ (671)
M (sub-vertical 7-8, upper) = (1.06 n—10.00)—0.03/a, ....... (672)
M (sub-vertical 7-8, lower) = (1.02 n—9.70)—0.015/a, ........ (673)
- M (sub-vertical 9-10, upper) = (0.79 n—7.90)+0.03/a; ........ (674)
M (sub-vertical 9-10, lower) = (0.86 n—8.60)+0.03/a; ........ (675)
M (sub-vertical 11-12, upper) = 0+0.00/a(n = 12) .......... (676)
M (sub-vertical 11-12, lower) = 0+0.00/a,(n = 12) ........... (677)
h y; , a’max. I{r’mn
3.  Maximum Moments due to Live Loads. Coeff. : P:(l—m—a;m
5 .9 9 n
6 8 10 12

Fig. 3l.

Moments of Web Members : 7
M (diagonal 1~4; upper) = (0.76 n—2.30)+0.36/a¢ ovvnveeen.. (678)
M (diagonal 1-4, lower) = (065 n—2.00)+0.87/as eevvennnenn. - (679)
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M (diagonal 4-5, lower) = (1.20 n—4.60)+0.88/a; ovvuvvnn.. (680)
M (diagonal 4-5, upper) = (0.82 n—2.80)+0.30/a; +.c.v...... (681)
M (diagonal 5-8, upper) = (0.75 n—3.50)+0.22/a; ........... (682)
M (diagonal 5-8, lower) = (0.70 n—4.10)+0.51/a; «..c....... (683)
M (diagonal 8-9, lower) = (1.05 n—6.60)+0.54/a; . ccvuvvn.... (684)
M (diagonal 8-9, upper) = (0.70 n—3.90)+0.27/a; ........... {685)
M (diagonal 9-12, upper) = 5.50+0.24/a(n = 12) ............ (686)
M (diagonal 9-12, lower) = 8.65+0.50/an =12) ............ (687)
M (sub-vertical 1-2, upper) = (0.35 n—0.50)—0.03fa; ........ (688)
M (sub-vertical 1-2, lower) = (0.46 n—0.92)—0.09/a; ......... (689)
M (sub-vertical 8-4, upper) = (0.54 n—2.05)+0.12/a; ........ (690)
M (sub-vertical 3—4, lower) = (0.50 n—1.95)+0.22/a; ......... (691)
M (sub-vertical 5-6, upper) = (0.55 n—2.20)—0.045/a, ....... (692)
M (sub-vertical 56, lower) = (0.61 n—2.50)—0.06/az ......... (693)
M (sub-vertical 7-8, upper) = (0.67 2—3.56)+0.18/a; ......... (694)
M (sub-vertical 7-8, lower) = (0.65 n—3.50)+0.27ja; ......... (695)
M (sub-vertical 9-10, upper) = (0.70 n—4.10)—0.03/a¢ .. ...... (696)
M (sub-vertical 9-10, lower) = (0.77 n—4.65)—0.075/a; ....... (697)
M (sub-vertical 11-12, upper) = 8.4640.12/an = 12) ........ (698)
M (sub-vertical 11-12, lower) = 3.28+0.25/a{n = 12) ........ (699)

o Umae. Ko
- 4. Moments due to a Single Load. Coeff.: P;l——»——
9 n
3 s .
7
+ 2
c—
A9 2 4 6 8 10 72
Fig. 32.

Moments of Chord Members:
M (portal 0-1, lower)(load at joint 2) = 1.65+2.10/a; ......... (700)
M (portal 0-1, upper)(load at joint 2) = —4.10+0.78/as ...... (701)

(load at joint 4) = 2.50 ....evvivenennn. (702)

M (lower chord 0-2, left)(load at joint 2) = —1.65—2.10/a, ... (703
M (lower chord 0-2, right)(load at joint 2) = —5.15—3.15/a; . (704)
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M (lower chord 2-4, left)(load at joint 2) = 5.10+3.16/a; ..... (705)
M (lower chord 2~4, right)(load at joint 2) = 0.95+2.61/a; ... (706)
(load at joint 4) = —7.60 .............. (707)
(load at joint 6) = —0.40+2.01/a; ...... (708)
M (lower chord 4-6, left)(load at joint 2) = 1.10—1.53/a; ..... (709)
(load at joint 4) = 8.50 ................ (710)
(load at joint 6) = —8.40—3.84/a; ...... (711)
M (lower chord 4-6, right)(load at joint 6) = —9.90—5.43/a; .. (712)
M (lower chord 6-8, left)(load at joint 6) = 9.80+5.46/a; ..... (718)
M (lower chord 6-8, right)(load at joint 6) = 1.50+4.02/a; ... (714)
(load at joint 8) = —13.70 ............. (715)
(load at joint 10) = 1.30+3.33/a; ....... (716)
M (lower chord 8-10, left)(load at joint 6) = 1.80—3.06/a; .... (717)
(load at joint 8) = 14.40 ............... (718)
(load at joint 10) = —5.00—4.65/a; ..... (719)

M (lower chord 8-10, right)(load at joint 10) = —15.20—6.90/a; (720)
M (lower chord 10-12, left)(load at joint 10) = 16.20+6.96/a; . (721)
- M (lower chord 10-12, right)(load at joint 10) = 4,30+ 4.89/a; . (722)

(load at joint 12) = —16.20 ............ (723)

(load at joint 14) = 0.15+3.70/a; ....... (724)

M (upper chord 1-3, left)(load at joint 2) = 4.10—0.42/a, . .... (725)
~ (load at joint 4) = —4.40 .............s (726)

(load at joint 6) = —1.40—0.24/a; ...... (727)

MM (apper chord 1-3, right)(load at joint 4) = —12.30 ........ (728)
M (upper chord 3-5, left)(load at joint 4) =12.35............ (729)
M (upper chord 3-5, right)(load at joint 4) = 4.50 ........... (730)
(load at joint 6) = —11.00—0.09/a; ..... (731)

M (upper chord 5-7, left)(load at joint 6) = 11.40—0.12/a; .... (732)
(load at joint 8) = —6.50 .............. (733)

M (upper chord 5-7, right)(load at joint 8) = —18.00 ........ (734)
M (upper chord 7-9, left)(load at joint 8) = 18.25 ............ (735)
M (upper chord 7-9, right)(load at joint 8) = 7.00 ........... (736)

(load at joint 10) = —16.00—0.03/a; ... (737)
M (upper chord 9-11, left)(load at joint 10) = 17.830—0.00/e; .. (738)
(load at joint 12) = —6.50 ............. (739)
M (upper chord 9-11; right)(load at joint 12) = —20.85 ...... (740)

Moments of Web Members :
M (diagonal 1-4, upper)(load at joint 2) = 0.10—0.34/a; ...... (741)
(load at joint 6) = 1.15+0.36/a; ........ (742)
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M (diagonal 1-4, lower)(load at joint 2) = —0.95—0.52/¢, .... (743)

(load at joint 6) = 1.404-0.81/a; ........ (744)

M (diagonal 4-5, lower)(load at joint 2) = —0.65—0.46/a; .... (745)
(load at joint 6) = 1.4040.82/a; ........ (7486) -

M (diagonal 4—0, upper(load at joint 2) = —0.85—0.22/a; ..... (747)

(load at joint 8) =2.10 ................ (748)

M (diagonal 5-8, upper)(load at joint 4) = —0.85 ............ (749)

(load at joint 10) = 1.154+0.24/a; ....... (750)

M (dlagonal 5-8, lower)(load at joint 6) = —0.95—0.40/a; .... (751)

(load at joint 10) = 1.80+0.51/a; ....... (752)

M (diagonal 8-9, lower)(load at joint 6) = —1.10—0.39/a; .... (753)

(load at joint 10) = 1.15-+0.51/a; ....... (754)

M (chagonal 8-9, uppm)(load at joint 6) = —1.156—0.19/a; .... (755)

(load at joint 12) = 1.55 ......coevuvnnn (756)

M (dlagonal 9-12, upper)(load at joint 8) = —1.45 ........... (757

(load at joint 14) = 1.50+0.22/a; ....... (758)

M (diagonal 9-12, lower)(load at joint 10) = —1.30—0.46/a; .. (759)

(load at joint 14) = 1.50+048/a; ........ (760)

M (sub-vertical 1-2, upper)(load at joint 4) = 0.90 ........... (761)

M (sub-vertical 1-2, lower)(load at joint 4) = 1.00 ........... (762)

M (sub-vertical 3-4, upper)(load at joint 2) = —0.45—0.06/a; . (763)

(load at joint 6) = 1.00+0.10/a; ........ (764)

M (sub-vertical 3—4, lowel J(load at joint 2) = —0.45—0. 12/at . (765)

" (load at joint 6) = 0.954+0.2a; ........ (766)

M (sub-vertical 5-6, upper)(load at joint 4) = —0.80 ......... (767)

" (load atjoint 8) =115 ....covvvvunnnn (768)

M (sub-vertical 5-6, lower)(load at joint 4) = —0.80 ......... (769)

(load at joint 8) = 1.20. .. ..vvvuennnnnn. (770)

M (sub-vertical 7-8, upper)(load at joint 6) = —1.10—0.09/a, . (771)

" (load at joint 10) = 1.25+0.13/a; ....... (772)

M (Sub-veltloal 7-8, lower)(load at joint 6) = —1.056—0.19/a; . (773)

(load at joint 10) = 1.20+0.25/a; ....... (774)

M (sub veltlcal 9-10, upper)(load at joint 8) = —1.30......... (775)

(load at joint 12) = 1.40 ....... e (776)

M (sub-vertical 9-10, lower)(load at joint 8) = —1.35 ........ (777)

| (load at joint 12) = 145 .oovvveernnen.. (778)

M (sub-vertical 11-12, upper)(load at joint 10) = —1.40—0.12/a, (779)

(load at joint 14) = 1.40+0.12/a; ....... {780)

M (sub-vertical 11-12, lower)(load at joint 10) = —1.35—0.24/a, (781)
' (load at joint 14) = 1.35+0.24/a; ....... (782)
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VI. Application of Numerical Moment Formulae,

1. Numerical Example I. As the first numerical example of the
proposed method, a through Pratt truss with six panels, carrying live
joint loads of 1000 lbs. is shown in Fig. 33.

This example is quoted from ‘‘The Theory and Practice of Modern
Framed Structures”” by J. B. Johnson, C.W. Bryan and F. E.
Turneaure*.

T ogesass 3 pesazs 5 pagw 3 resse L

H=1243 H=1243 &|€=915,1443 /| €=919,1443
& B N\ L%
Ve 8%, RRA®, S8 SA D o\ 2, s
SO I NS e Bn 6 3 s R
VA T e BeFRYLT ey KT *sgog}
x " & \OF
A=294% A=2944 A=4448 I1=7907 I=1218 | I-1218

B gK=380 5 K=380 4 K=33% g =912 g Iz g 9 02
= 320" ——>

6 @ 26-8"=7160"

Fig. 83.

It will be seen that for some members the secondary stresses are
not at the maximum when the primary stresses are maximum, but
inasmuch as the primary stress is generally much larger than the
secondary stress, the total is generally at the maximum when the
primary stresses is maximum. On this basis, the secondary stresses
which occur for the same loading as the maximum primary stresses
will be computed.

The length of each member, denoted by (I), the sectional area of
member (4), the moment of inertia of a section ([), the stiffness
value of member (K) and the distance of the extreme fibre from
neutral axis of the section of member (¢) are written in Fig. 33.

In Fig. 34 there are shown the stiffness ratio and sectional area-
ratio of this truss on the corresponding members while Fig. 35 shows
the standard through Pratt truss with six panels which is obtained
from Fig. 4.

* Part II, P. 441-455, John Wiley & Sons, New York, 1917,
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VAC &ld B FUE WA L DR LE L
A=048 | A=048 A=074 A=050 A=030 A=070
0 K=028 2 K=028 4 K=043 g 0 K=040 3 K=040 4 K=050 6i
Fig. 34. Fig. 35.
In this example, n, P, a, Bmox. and Ko become as follows:
1max /{;'m'n

n (number of panels) = 6
P (intensity of joint loads) = 1000 lbs.

_ A G, (16.0000.85) _
T 52.35 26
a 0.85
Hbwax, . Y. = (0.0162
Amax. 52.35
Ky Ky Ky Kos . Kax _ 12.43 —13.8
]C()] ! k13 ’ ]546 ’ 7635 kmax. 0.90 o
I{OZ I(u =9 =4 I(!‘Z. — 5K 1 I(M — 27 4 [{34> — 19 =
————koz ——km D, mkm 0.1, TGM 5.4, ™ 0,0
L 909, Ln 155
36 56

Substituting the above values into the numerical moment formulae
for the through Pratt truss with parallel chords, the bending moments
at the ends of any of the members can be obtained.

The primary stress in any of the members is at the maximum
under full joint loads and the bending moments in chord members

due to such a loading are obtained using the numerical moment
formulae for full lower joint loads as follows:

From numerical moment formula (420),

My = Miportal 0-1, lower) = {(1.20 n—2.15)+1.80/a,) P-2m=x-

Amax.

= {(1.20)(6)—2.15+(1.80)/(0.26)} (1000)(0.0162)(13.8)
= 2683

Ko
kOl

K=005
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IFrom numerical moment formula (421),

My = M{portal 0-1, upper) {(7 /0 n—11.30)4-0. o7/at} %'— Ko

max, 01
= {(2.70)(6)—11.30+(0.57)/(0.26)}(1000)(0.0162)(13.8)
= 1588
Ete.

All the bending moments in chord members are therefore as
follows:

My, = 2683, Mo = 1588, My = —1845
My = —2130, My = 1740, My = 157

My = —1145, My, = —3004, My = —2421
My = —4625, My = 2970, My = —2825

The sum of the moments around joint 0 is 2683-1845 = 838. Hence
by distribution of this discrepancy to members 0-1 and 0-2 propor-
tionally to their stiffness values so as to satisfy the equilibrium condi-
tion, the corrected values of My and Mg are obtained as follows:

My, = 2683 (”38)% 92383—590 = 2003

3.80

O

—1845—250 = —2095

For all other joints such a correction can be neglected, as the
amount of the discrepancy is negligible for all practical purposes.

In web members the loading for the maximum primary stress
causes nearly the maximum secondary stress, and the maximum bend-
ing moments in web members are obtained from the numerical moment
formulae of maximum moments as follows:

I'rom numerical moment formula (502),

My = M{diagonal 1-4, upper) = {(0.69 71——2.80)—!—0.00/%} P%’i; L

max. 7514
= {(0.69)(6)—2.30}(1000)(0.0162)(23.4)
= 700
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From numerical moment formula (508),

My = Midiagonal i~4, lower) = {(0.54n—1.70)+0.00/a;) P-teex. K

max. /‘:14

l

{(0.54)(6)—1.70}(1000)(0.0162)(23.4)

85

I
o

Ete.

All the bending moments in web members are therefore as follows :

My = 700, My = B85, My == 417
Meg = 203, My = 197, My = 209
Mgy = 1686, My = 1577, My = 502
Mg = 502

All the above values of moments are given in in.-lbs.

After the values of bending moments have been obtained, the
secondary stresses can be obtained from the general equation

My -c :
o= ()
. ab

In this equation M, and g4 are respectively the bending moment
and secondary stress at the end 4 of the member AB, C the distance
of the extreme fibre from the neutral axis of the section and 1, the
moment of inertia of the section.

The calculation is as follows:

oo = (2003)254

g0 = 4.45 (compression)

14.08
4490

o1 = (1588) = 5.00 (compression)

Ete.

In Table 15 there are tabulated the secondary stresses which occur
for the same loading as the maximum primary stresses. For unsym-
metrical members, such as the portal and upper chord, the top and
bottom fibre stresses have different values and properties, but in this
table only one value which has the same property as of the maximum
primary stress is recorded.
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These are given in pounds per sq. in and also percentages of the
maximum primary stresses. In the table the values in brackets are
those calculated by Johnson.

In regard to signs, the sign of the primary stresses indicates the.
properties of the stress, so a plus sign will signify a tensile stress and
a minus sign a compressive stress, while the sign of secondary stresses
indicates the directions of moment, by which the secondary stress is
caused.

Table 15.

’ Secondary | Maximum Primary | Percent Secondary of
Member Stress Stress Maximum Primary

" 01 + 4.45 _ 7.9 (7.5)

Portal 10| 4500 } 56.40 8.8 ( 5.1)

0 2 —15.70 . 21.4 (20.3)

2 0 | —1595 } + 7810 21.8 (21.2)

. ) 2 4 +13.03 17.8 (19.0)

Lower Chords 25| 18 } + 78.10 e ae

4 8 | . — 550 7.3 ( 6.6)

6 4 | —14.40 } + 7870 19.0 (20.8)

1 3 — 8.75 . 183 ( 9.2)

31 | —1070 } — 65.72 163 (15.2)

Upper Chords 3 5 + 6.86 } Z 7400 9.2 ( 8.8)

5 3 — 6.52 : 8.8 (10.6)

Main Diagonal 11| Tem } + 7407 i ey

Second Diagonal % g —l_]: g?l.{) } 4+ 64.14 1gg E gg

. . 21 +11.90 19.1 (19.5)

Hip Vertical T2 | a1 } + 62.50 18.0 (17.8)

" 4 3 +15.76 ; 41.8 (40.1)

Second Vertical 3 4 116.85 } + 87.76 447 (4277)
Middle Vertical | § 3 T 9% } 0

2. Numerical Evample II. Fig. 36 shows a deck Warren truss
with eight panels of a certain Japanese railway bridge. The upper
chord joints are loaded with 100,000 Ibs. each and the lower chord
joints are loaded with 10,0001bs. each. It is required to find the
secondary stresses.
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700,000 16s.
700,000 1bs.
786,000 1bs.
706000 ths
7000001bs.
766,000 Lés.
700,000 L6s.
706,000 Lbs

09 43992 |1 pegoss \3pesnas |5 ness63 V7 12369 S 12006 3 1e21085 YV ressns

A=i536in2 -

o, He1847 /INA=6049 | Keb849 [\K=763] | =00, 1025/ |\C-801025 | €=80,1023 /I\C* 85 | .
& . Nl o -8l
s O B a2 2Y N o - 0 o\t &
N/ZRN] T W %) el 0 0
S AT N0 3800 g8 T N8R Bs e a8
¢/ T = : WS 1
LU &L %’-&*‘:V@ a4l %""u}%"*'d A By Z AN
\ N\
A=2643 | A=2643 \\/ A=5468 | A=5468 \I/ 121912 | r=1912 \/ ze7052 | 17052
H=3421 [ o A=3427 l f=6218 6,208 - Vc-mwy.f V C=T69875 | ;€= 114975 | 74975 Sh
0 |2 4 6 cliodn
3 3 8 3 4 3 8
s § & § § § &
< 8 S S} ) s s
Tig. 36. !

The various elements needed in the calculations are written in Fig. 36,
In Fig. 37 are shown the stiffness ratio and sectional area-ratio of this
truss and in Fig. 38 is shown the standard deck Warren truss with
eight panels which is obtained from Fig. 3.

Ot gegrs 1 peoms 3 peass 9 per 7

K=024% /N K=090 | A=090 K=1
eg A3 S e N2 Solve W VTN XY=
N R AR IO S AR ISR
CIEYAL &L RNFLHEVAS <& B\Tk|x

4=048 A=048 A=100 A=100

g K04k 5 K04k 4 K081 g K-08 g
i
Fig. 37.
\
01 T pe080 3 p-080 5 par 7

K=040 K=085 A=085 K=1
33 90 BEA% 88 o BaA%, 3
RYAT e SOGRYE 4 BXUsf=

A=055 =055 A=0.30 42090

g K030 2 K=050 4 K=0795 g K075 8
i
Fig. 38.
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- «, K.
In this example, n, P, a;, ¢ max. gapnd =22 hecome as follows:
3 b H 2 c) A
max, lcm’n

n=2=8

P =100,000 Ibs. for upper joint loads excepting 0, and 0}
= 50,000 Ibs. for joint loads on 0; and 0
= 10,000 Ibs. for lower joint loads.

_ A G _ 1992)(1) _ (19

“="q 54.63
A, (15.36)(1) _ 0.9
c o c X = p—vi . 8
& A 54.63
a 1
_max. . j— 0.01 2
Ao 54.63 83

Ky Ky Kn Kn Ko Ku K Ko, Ko

b b b b b b b
ks kess Fest kox koa kg kas keg kmax.

7.691
1

ot

& = 7.00 , K45 — 8 7 , —‘ngi =11.6G

C14 v45 58

I(]z 1(55 — 134’ 1{001 I(M . I('IB . 16.5

3 b
20 foxs koo, Ksq kg

Substituting the above values into the numerical moment formulae
for 1he deck Warren truss with parallel chords, the bending moments
at the ends of any of the members can be obtained as follows:

A. Moments due to upper joint loads excepting the loads on
joints 0; and 0;:

My = —141,600,  » My = — 88,100, My= 82,800
M, = —176,400 , M= 5200, My = —204,700
My = 177,400, Mg = —190,300

My = — 21,400, My = — 38,200, Mg = —274,700
My, = —502,000 , Mys = 460,100, My = 121,700

My = —202,300 , Mqs = —0660,900
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My = 111,700,
My= 44,400,
My = 53,100,
Moo= 76,400,
My = 9,600 ,
M= 4,200,
My = 0

T. Sakai,

My = 145,800,
M= 96,000,
My = — 18,300

My, = 64,300,
My = 90,300,
Mg = 4,600,

B. Moments due to lower joint loads:

]V[oz = 29,200 )

Mp= 14,500,
Mg= 58,600,
Myy= — 2,900,
My = — 23,000,
My= 12,900,
My = 24,400,
My= 4,500,
M= 4,900,
Moo= 10,400,
My = 800 ,
My = 400 ,
My = 0

.Zu.zo = — 34,600 y

My = — 34,300,
Mg = 23,500

My, = — 17,900,
Mg = 18,300,
My = — 29,200,
My = 11,500,
M= 11,900,
Mg = — 1,500

My, = 10,300,
My = 10,000,
Mes = 500 ,

M= 128,100

]lI54 ==

My =
ﬂfﬁ =
My =

My =
Mg = —

C My = —

My = —

My =
M=

M, 12 ==
My
Mz

Il

I

C. Moments due to loads at joints 0, and 0f:

M= 4,200,
My = 500 ,
Myi= 4,500,
My = — 4,800,
My = 1,000

My=— 500,
My =— 2,000

Myo= — 16,200,

]'[21 = - 100

Mpy= 1,300,
Mye = 1,300,
-Zl[l(]l: 20,800 )
ﬂf% = 4:,500 3
]‘[10 : - 6,500 3
Mg,= — 7,500,

Moy = —
My
Ml3 =
My =

f

M= —

J‘Ilg = —

92,900

9,000
80,900
0

30,100
61,300

12,100
21,300

9,000
2,900

700
9,400

700
400
17,100
1,500

5,000

200
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Therefore the total moments are obtained as follows:

Mz = —166,600 , My = —121,400 , My = 62,200
My, = —161,400 My = — 27,800, My = —265,600
M= 236,000, Mg = —1686,800

Moy= — 19,800 , Mgy = — 29,500 , My = —303,900
My = —529,800,  Myp= 483,800, M= 101,900
My, = —188,400 My = —690,100

My = 135,600, M= 150,800, dhe = 132,100
My= 46,900, M= 107,900, My = 925,800
My = 58,000, My = — 19,800

Moo= 70,600, M= 67,100, M= 9,500
Mp= 10,300, My = 100,300, Mg = 90,300
Mg = 4,600, Ms= 5,100, Mg = 0
My = 0

The total sum of the moments around joint ¢, is —19,800+ 70,600
= 50,800. Therefore distributing this diserepancy among the members
around joint 0; proportionally to their stiffness values, corrected
moments of My; and My, are obtained as follows:

Moy = —54,900 , Mo = 54,900

Tror all other joints such a correction can be neglected, as the
amount of the discrepancy is negligible small for all practical purposes.

All the above values of moments are given in in.-lbs.

Using the above values of moments, the secondary stresses can
be obtained from equation (q). In Table 16, the desired secondary
stresses are tabulated. These are given in pounds per sq. in. and also
the percentages of the mean allowable stress of 13,000 Ibs. In regard
to the signs, they are the same as in the preceding example. For
one end of a member, only one value which has the same property
as of that the primary stress is shown.

The values in brackets show the values calculated by the Slope
Distribution Method as follows: ,

The calculation procedure of the Slope Distribution Method is
omitted and only the results of the calculation will be written here.
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Table 16.
Member Most dangorous | Segondary | POl SRIAY
of 13,0001bs./8q. in

0 2 Top —~1181 8.7 ( 9.0)

20 Bottom —1125 8.6 ( 8.1)

2 4 Bottom 576 4.4 ( 6.0)

Lower Chords |42 Bottom —1456 11.2 (12.9)
4 6 Top — 112 0.8 ( 0.4)

6 4 Bottom —1354 104 ( 9.6)

6 8 Bottom 1204 9.4 (9.3)

8 6 Bottom 850 6.5 ( 7.0)

01 — — 821 6.3 ( 6.2)

10 — — 441 3.4 (4.1)

1 3 Bottom —1479 11.4 (10.6)

Upper Chords 31 Top —2012 155 (18.3)
35 Top 1837 14.1 (15.8)

5 8 Bottom 496 3.8 ( 5.8)

5 7 Bottom — 816 6.3 ((7.6)

7 6 Top —2330 18.0 (18.2)

01 Top 466 3.6 ( 3.2)

10 Bottom 665 5.1 ( 5.6)

1 4 — 1189 9.2 (10.5)

Diagonals 41 - 422 8.2 (1.9)
' 4 5 — 971 76 (7.6

5 4 - 232 1.8 (‘1.5)

5 8 — 739 5.7 ( 4.9)

8 5 — — 252 1.9 ( 2.0)

0; 0 — 1038 8.0 ( 7.8)

0 O — 1268 9.7 ( 7.6)

1 2 —_ 1854 10.5 (11.9)

21 — 1468 11.3 (12.7)

3 4 — 1895 14,6 (12.1)

Sub-verticals 43 _ 1707 13.1 (10.3)
5 6 — 655 5.0 ( 5.1)

6 b — 727 5.6 ( 5.5)

7 8 — 0 0(0)

8 7 — 0 0(0)
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For this truss, the member-rotation angles became as follows by
the use of Williot-Mohr’s Displacement Diagram : '

Wop = —549,000 , oy = —441,000 Py = —276,000
Pes = — 96,000, Py = —516,600 ¥y = —A497,400
P 5= —219,600 , Psy = —152,400 , Yoy = —461,400
1y = —B60,000 , W = —213,600 s = — 78,600
Poo = —413,400 , Py = —357,600 gy = —240,000
Pys = —120,000 Py = 0

where ¥ denotes the member-rotation angle multiplied by —GE,
By the Slope Distribution Method, the joint rotation angles were
obtained as follows:

@y = 158,900 , @y = 181,060 , @y = 108,480

P = 66}910 3 Py = 0
@0, = 159,500 , @1 = 168,740 , @y = 118,680
@5 = 61,380, P = 0

where @ denotes the joint-rotation angle multiplied by 2L
Substituting the above values into equation (a) the bending moments
at the ends of every one of members were obtained as follows:

Mo = —172,000 , My = — 96,000 , My = 84,000
My = —181,000 , My = — 13,200 , My = — 241,000
Mg = 235,000, Mys = —181,000

Moy= — 53,300 , M= — 36,200 , My = —282,000
My = —625,000 Mas = 542,000, My = 150,000
My = —228,000 Mys = —1700,000

My = 119,000, My = 166,000, Mu= 142,000
Ma= 27,500, Mgs= 95,600, My = 22,100
My= 51,000, Mys = — 19,900

Myo= 53,300, My,= 52,800, My = 10,800
My = 11,600, Moy = 83,300, Mg= 70,700
My= 4,700, Mg = 5,000, Myg = 0
My = 0

The secondary stresses due to the above obtained moments are
shown in brackets in Table 20 and these are given in the percentages
of the mean allowable stress of 13,000 lbs./sq. in.
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3. Numerical Ezample III. TFig. 39 shows a through ‘Warren
truss with six panels which is quoted from ‘Secondary Stresses in
Bridge Trusses” by C. R. Grimm®, Tt is required to find the secondary
stresses due to dead load and live load as indicated in Fig. 39.

1 _p-6902 3 pesoz S 1-6000 3" r-som 7K
H=7851

. Het@T JING222, 1272 c=1222.1072
@'&@&%L\?‘?\ e o Ego"' 2R P %Q\)m”u%‘
B RN HIN A S ST BS AVSIR R Y
YA S SRley/ar SIS DN A/ LE TSN\
ol AN
A=4736 A=4736 A=8336 =™ I=5508 1=3368 Ir386’6; >/
A 1200 | g K=1200 | 4 Kernan | g c=1225 | grceds | greeds g
DL=JS000s  TROOlss V00Ol V8MOths  T8M0dIBsSCt
y
LL=762000tbs. 162000t 162000ths.  162000tbs.  620001bs.
Fig. 39.

The various elements needed in the calculations are written in
Fig. 39. In Fig. 40 are shown the stiffness ratio and sectional area-
ratio of this truss and in Fig. 41 is shown the standard through
Warren truss with six panels which is obtained froin Fig. 2.

!

T p=080 I p-00 9 ! g0 3 peawp
K=0.85 K=085 A=085 K=0.85
AL I8\ b 3 :
YA sk S\ sxbY < VA <l V|NT<[EVAT &%
4055 | 4=055 \/ =097 42055 4=055 \/ #-090
0 A=055 2 H=035 4 K=078 '6 0 A=0350 2 K=050 4 =075 b
1 [
Fig. 40. Fig. 41.
In this example, n, P, a, (X”a’“ and A % bhecome as follows:
max. mn
n=2=_
P = "78,000+162,000 = 240,000 lbs.
Ai-a (22.48)(0.80)
@y = SEmaxe — AT = (0.260
’ Ao, 69.02

* P, 104, John Wiley & Sons, New Yorlk, 1908.
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In this truss, the ratio of the height of truss and the length of
panel is 432/324 = 1.33 which value is comparatively greater than that

of the standard truss in which the corresponding ratio is 1.25.

The

effect of a sub-vertical is proportional to its length and therefore the

value of a; shall be corrected us follows: ~

Kis _ 9966
. .

46

Ky

k

=12.00, li_’li}

44 12

At LA 1.25 o
= max. == (0.260)(0,94) = 0.24
ap = ey = (0.260(0.94) !
a 0.8
Lmax., 20— (0,0116
Amax. 69.02
Kn _ 9085, He = Ko 9400
o1 " ke | ke ’
I&rjg ]{35 91.77 I(M 2% 8
=8 2 = 9177, 1 = 28.80
g ks ks ’
Ko K _ 9349

>
kesa ks

Substituting the above values into the numerical moment formulae
for the through Warren truss with parallel chords, the bending mo-
ments of every member can be obtained as follows:

My = 796,200 ,
M = —917,400 ,
Mz = 515,100,
My = —524,800 ,
Mg = —603,600
My = 277,400 ,
My, = —13,000
Mz = 100,000,
Mg = 111,000 ,

My = 211,700

M,y = 88,200,

j’irgl = 127,000 3
1‘156 =0 5

Mgo = ——1,186,600 3
My = —928,000 ,
My, = —883,700 ,

Myy = 1,056,400
My = —2,085,600
J‘[gs = 775,200

M5 = 140,600

My = 118,000
_Zl[65 = 0

The total sums of the moments around the joints 0, 1 and 4 are
respectively —121,200, 64,300 and —73,200. Hence, distributing these
discrepancies among the members around their joints proportionally
to their stiffness values so as to satisfy the equilibrium condition, final

moments are obtained as follows :

My == 858,200 , My = 191,300
Moz == —“858,200 3
My = 537,200,
Mg = —555,000 ,
My = —603,600

My = —1,186,600 ,
My = —896,700 ,
]V[31 = —‘883,»700 )

My = 1,056,400
JW(M = "—2,085,600
M35 == 775,200
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My, = 265,600 , My = 101,400 , M5 = 145,000
My = —13,000 , ' ,
M, = 98,100, My = 127,000 , My = 118,000
Mg = 113,200 , Mz =0, Mg =0

All the above moments are given in in.-lbs.

Using the above values of moments, the secondary stresses can be
obtamed from equation (q). In Table 17, the desired secondary stresses
are tabulated. These are given in pounds per sq. in. and also the
percentages of the primary stresses. In the table, the values of
primary stresses and the percentages in brackets are those calculated
by Grimm.

In regard to the signs, they are the same as in the preceding
examples.

Table 17.

Most A Percent
Member Dangerous Seg;’;‘g;gry Primary | secondary of
Fibre Primary
Portal 01 Top 1570 8900 18 (18)
10 Bottom 350 4
0 2 - —2700 24
-
Lower Chords 2 4 - 3320 11500 29 (29)
4 2 — 1700 15
46 - —2000 12000 17
6 4 - —4650 39 (43)
1 3 Bottom —1180 0400 11
Upper Chords | 3 1 Top —1800 —1 17 (20)
35 Top 1580 —10400 15 A7)
5 8 Top —1230 12
o 1 4 — 840 . 7 (10)
Diagonals 41 - 320 11500 3
4 5 — 1040 — 5000 | 21 (22)
5 4 - —93 2
12 — 1630 15
2 1 — 2120 11200 19 (19)
Sub-Verticalg 3 4 - 1960 _ -
4 3 -~ 1880 _
5 ¢ - 0 11200 0
6 & - 0 0
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VII. Accuracy of the Results by Numerical
Moment Formulae.

When the truss has the same form, stiffness ratio and sectional
area ratio as the standard truss proposed in this paper, the grade of
accuracy of the results can be considered to be the same as by the
Slope Deflection Method, because, although the tonstants in the
numerical moment formulae were calculated by the Slope Distribution
Method the results by two methods are exactly the same.

Even in the case when the truss has a quite different stiffness
ratio of web members and the sectional area-ratio of sub-verticals from
that of the standard truss, the results by the numerical moment
formulae are also sufficiently accurate for all practical purposes.

When the truss has rather widely different stiffness ratio of chord .
members and sectional area-ratio of chord and web members excepting
sub-verticals the results will give also comparatively approximate values
but a great many examples of trusses actually already constructed
show that the variations both of stiffness and sectional area-ratio in
these members are limited within a small range.

The trusses in the numerical examples were all those of actual
bridges taken at random, and their stiffness ratios and sectional area-
ratios are not the same as the standard trusses. Yet, the results show
a sufficient reliability for all practical purposes, that is, in Tables 15
to 17 the differences of percent secondary stresses of primary or
allowable stress in each of the proposed method and exact one are,
in most values, less than two or three percent.

Summary and Conclusions,

The general conclusions to be drawn from the investigations
described in. this paper are included in the resumé below :

The proposed nearly eight hundred numerical moment formulae
are applicable for the secondary stress computation of the most com-
monly adopted types of bridge truss, that is, of through and deck
Warren trusses with parallel chords, through Pratt trusses with parallel
chords, and through Warren trusses with polygonal chords.

The special feature of the new method consists in the rapidity of
the calculation for bending moments, by which secondary stresses are
caused, at the ends of any member. It is worthy of special attention
that the labour and time necessary to work out the bending moments
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at the ends of members are nearly the same as for the primary stress
computation, because the required bending moments are to be directly
caleulated from the simple equation,

] [ 1 } 24 _Ixr
}Imn = o b . P - max. mn
P l(a/ n-+ )+C Qs Amax, ‘ k?nn
11 a K,
N ]Mm'n = I B b . P. max. mn
or l(a n+b)+c e K S,

where

M, = bending moment at the end m of member m-n,
a, b, ¢ = constant dependent on the kind of trusses,
n = number of panels in a span, -
P = intensity of joint loads,

— At * Omax.
p = S ma
Amax.
. Ac * @max.
Ay = —————,
Amax.

Umay, = the maximum sectional area in upper chord members of
the standard truss,

Amax. = the maximum sectional area in upper chord members of
the truss in question,

A, A, = sectional areas respectively of tensile sub-verticals and

compressive sub-verticals,

K, = stiffness of member m-n in the truss in question,

Epn = stiffness of member m-n in the standard truss.

In this method there is no labour to calculate the primary stresses
and member-rotation angles and there is also no labour to solve many
simultaneous equations.

The merit of the method consists also in the possibility for free,
selective calculation of required moments independently of the other
moments, selecting any desired ones and yet the calculation time
estimated is given in minutes.

The results by the proposed method have sufficient reliability for
all practical purposes.

Finally, the author wishes to offer most grateful thanks to Prof.
I'. Takabeya for providing facilities and for guidance in the comple-
tion of the present work.



