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Kmtgeodiu¢tioit.

    The use of rigid joint frames, either machine riveted or electric

welded, has been greatly inereased in reeent years and the praetical

importance of the proper treatment of secondary stresses which are
indueed b.v joint rigidjty has ljkewise remarlcably grown.

    The well-knowR calculation method of seeondary stresses by
Manderla, and those of MUIIer-Breslau, Ritter and Mohr are among
the current methods of tedious ealculation for secondary stresses; on

the other hand the Slope Deflection Equa･tion pr･incipally applied by

Wilson and by Maney as well as by Gehler, simplified the redund-
ancies. The Mechanieal [i]abulation Method"t proposed about ten years

ago by F. Takai)eya made the calculation proeess quite meehanical,
that is, the simultaneous equations, from which the unknown quanti-
ties are to be deterrnined, have been obtained without considering any

equilibrium equations, and those have been solved by the proeess of
iteration.

    Recently there have sometimes been applied the method of Dis-
tributing End-Moments first proposed by IEI. Cross and the Slop Dis-

tribution Methodeson proposed by F. [l]aka･beya. .These Methods of

   ce See Proceedings, Ameriean Society of Civil Eng.ineers, Oct., 1934. Vol. 60, No. 8,

Part 2, P. 650, Footnote and Takabeya " Rahmentafeln ", Ju}ius Springer, Iilerlin, 1･930.
   {eve F. [I]akabeya: On the Seeondary Stress Calculation of 1'russes by the Slope Dis-

tribution Methed, 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 Sbcondary
Stresses of Simple Bridge Trusses, The Memoirs of ･the L,Faeulty of Engineering, The

HokkaidoImperialUniversity,Vol.4,No.2,P.121-139.December,I937. .
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                                tttseeondary stress caleulation eliminated completely tlie first proeess of

writing the simultaneous equation and made the seeond process of
iteration a simple and mechanieal･ method of calculation on the frame-

schema itself.
                                        "
   The Cross method seems to ttie present author to have its merit
for the treatment of problems with a relative minority of members at

eaehjoint such as a eontinuous beam while tl]e Slope Distribution
Method seems to have comparatively greater usefulness for the pro-
blems witih a relative majority of members at eaeh joint such as trusses

and building frames.

   All the above mentioned analyses of secondary stresses are very
complicated and require-eonsiderable tedious labour as compared with

that of primary direet stresses. In order to overcome these diflieulties

it seems necessary to develop some practical and workable method
simple in theoretical analysis, which at the same t･ime will provide a

means of calculation, that both lessens the mathematieal difficulties

andshortensthetediouslabourofdetailedcomputat･ions. '

   The new nearly eight hundred fbrmulae proposed in this paper
quicl<ly give the bending moments at anyjoint by ""rhieh the secondary

stresses are caused, for four kinds of trusses which are ]nost frequent-

ly adopted in bridge trusses.

    For exarnple, for a through Pratt truss with parallel chords of

any number of panels, the bending moment at the left end of the
lower chord mei[nber 2-4 due to the full lowerjoint loads is determined

from the following numerical moment formula:

                            '       ]tih, == {(-o.42n+4･50)+2･421at}Pili'."a.X.'. tli,ii,`

                        '
    In the above formula,

       M24 =bending moment at end2 of member 2-4, .
         n == number of panels in the span,

         P =- intensity of lower joint loads,

             At'amax.
        at =:              Amax.
                                      '        At :seetional area of tensile sub-verticals of the truss in

                                    '            question, ' .
      ama.. =the maximum sect･ional area in upper chord members
          ' of the standard truss wl]ich is proposed in this paper,
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Amax. == the maximum seetional area in

      ofthetrussinquestion, ,
 Kli4 = stiffness (I/e) of member 2-4 iu

  k24 = stiffness of member 2-4 in the

 upper ehord rnembers

the truss in question,

standard truss.
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                          Fig, i.

    Fig. 1 shows a I?ratt truss with 6 panels, carring live joint loads

 of 10001bs.. The sectional area ofimember, denoted by (A), the
 moment of inertia of the section (l), the stiffness value of member

 (K) and the distanee of fibre from neutral axis of the section of
 member (c) are as written in Fig. 1.

    In this examp]e,

              n::6
              P== 1000 lbs.

              Kh4 :=: 3.80 in,3

              Amux. =A3s":52.35 in.2

              At = Ai2 =: 16.00 in.2

 and in the standard truss a.... and k24 are respeetively O.85 and O.40

 a$ given later.

･ Therefore,onegets
                           '        a,-- (16's020)gOs'85) ==o.26, gt.'a.x.'. -pt-- sOi.835s -muO･O162

                  '        K>, ,., 3･80 -h g.s'

         le24 O.40

     Putting these values into the above numerical moment fbrmula,
  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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       Mla, =: {(-O.24)(6)+4,50+(2.42)/(O.26)](1000)(O,O162)(9.5)

          -= (11.28)(1000)(O.O162)(9.5)

          := 1740 in.-lbs,

   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 fo11owing numerical moment formula:

       lzlfl4:;{(o.6gn-2.3o)+O･oO/at]P.'SM.a.X.i{ll,l,`' '' ' 'i

   In the truss of the above example Ki4 == 1.64'in.3 and its corre-
sponding value in the standard truss ki4 := O.07 which is also given
latter.

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

                          '       Ml, - {(O.69)(6)--2.30}(1000)(O.O162)(1.64/O,07)

        ' == (1.84)(1000)(O.O162)(23.4) ,
          -- 700 in.-lbs.

   ']]he secondary ,stresses cr due to the above obtaine.d moments be-

come respectively 13.03(13.86) lbs,/sq. in. and 6.52(6.34) lbs,/sq, in. from

the equation cr =Mcll. The values in brackets are those ealculated

by Johnson for the same example. '
   In general, moments due to full loads, maximum moments and
moments dUe to single load which is plaeed at any relatively effective

joint are all obtained from numerical moment formulae having the

following forms:

              -zlf;,tn :((a"n+b)+c'ill;]Pelli a.x.. Ili;l}.n

or
. ' Mmn==((a'n+b)+c'-:;-IP'XM.a.X.'.21,:."

   In the above formulae,

                   Ae"amax.
              ac= Amax.



where A. ,denotes the sectional area of compressive sub-verticals of the

truss in question.

   The former formula is for the uPper joint loads and the latter

fbr lower joint loads.

   Descriptions of the derivation ef the numeriea! momeng formnlae
and the eoeMcients a, b and c 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.

         X. Derivation of Numerical Moment Fogemulae.

    In the preeeding Memoirses the author investigated the 'rapid
calculation of secondary,stresses by the joint moment diagrams of the

standard trusses and the characteristies 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 quiekly computed

and deseribes the deyivation of these numerical moment formulae
dividing his report into several items as fo11ows:

    1. Deteo-mination of' Standard 1'russes. Afterinvestigation ofa
great piany examples of brjdge trupses in actual usg, it become obvious
that the inembers of the truss6s have a co･nstant yatio, on the whole,

both for stiffuess and seetional area,.between one member and another.

    Considering these stiffness values and sectional area-distributions

as well as the effect of the direet stresses, there were ehosen the

standard trusses for the Warren and Pratt trusses w, jth parallel ehords

in the preeeding Memoirs.ceee The standard trusses lil<ewise can be

ehosen for trusses with polygonal chords.

    Fig. 2 shows the standard through Warren truss with parallel
chords, Fig.3 the standard deck Warren truss with parallel ehords,
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.

   ee eeee F. Takabeya and T, Sakai: A New Method of Rapid Computation of Seeondary

Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The

Holdcaido Imperia} University, Vo}. 4, No. 2, Decernber, 1937.
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   Some of' the actual examples were different to some degree from
the standard seetional ratio ehosen here by the author, especially in

respect to stiffness in web members and also to sectional area in sub-

verticals. However the e･ffect of these divergenees from the standard
in these members ea# be easily corrected and aecordingly these dif-

ferenees are not an important matter.

 . Height and panel length of the standard trusses were chosen as
shown in the above Figs. 2 to 5 which eorrespond to ･many aetual
examples.
   The standard trusses with any number of panels are obtained from

the above Figs. 2 to 5i, Fer example, the standard .trusses with six

panels are obtained as shown Figs, 6 to 9 from Figs. 2 to 5 respeetively.
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   2. .ZVeetmeo'ical ]fo?nent 17o7mzztlae fo7' Standctrd 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 t! e number of panels in a

spa･n.

   The relations between the bending moments and the number of
panels in a span will next be found for the fbllowing three eases:

       A. Bending Moments due to full ]oads.

       B. Maximum'beri.pling mome'nts.

       C. Bending momghts due to a single load.

                       """a e   A. Bending ]dfoments trlue to Ii'ull Loaas. Tl}e variation of the
bending moments due to tli6 increase of the number of panels in a

span is eonsidered to be Iffi'e'a,r'for any kind of truss from the facts

that the direct stress in any--iir}ember N!aries linearly by the variation
of the number of panels....,i.nl .a. span as already mentioned in the

preceding Memoirsee and thei benqing moments are induced due to

thedirectstresses, /
   In the standard through iVVai'ren tiuss with parallel chords, for

example, the variation of the･moipents is as indieated in Tables 1 and

2. Again, in the stand4rd lthx.ough Wari'en truss with polygonal
chords, the variation of the:moment becomes as shown in 'l]ables 3

                            t   All the values of mormenes in'these tables are for full joint loads

iDta

i.

gil.ibgutiiioniilt Ai;ettehnogXY and )theY' were obtained accurateiy by the siope

                     ttt .                     .･]･ '･                         tt                     '   ee F,Takabeya and T. Sakai:" A New MeLhod of Bapid Computation of Secondary

Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The

Holckajclo Imperial Vnivemsity, Vol. 4, No. 2, P.173-175. December, 1937.･
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Table i.

Moment
Number of ?anels in Span

16 12 10 s 8 6 4

Moi
21.9
(21.60)

18.35
(17.80)

1.5.42

(l5,90)
13.66
(14,OO)

12.03
(12,10)

10.06
(10,20)

Mto
8.3
(9.43)

7.08
(6.91)

5,87
(5.61)

4.32
(4.39)

2.95
(3.13)

1.84
(1.87)

Mo2 -2L8
(-21,60)

-1835
(--17,80)

-15.42
(-15.90)

-l3.66
(-14.oo)

-12.03
(-12.10)

.-- 10.06
(-10.20)

M2o -19.2
(-18.80)

-17.95
(-17.40)

-- 16.12
(-16.70)

-15.93
(-16.00)

-15.85
(-l5.30)

-14.99
(-14.60)

Ml3 -30.0
(-30.20)

-20.93
(-21.40)

-17.20
(-17.oo)

-12.62
(-12.60)

-- 8.09
(-8.20)

-3.73
(-3.80)

M31 -3L6
(-31.78)

-23.24
(-24.86)

-21.76
(-21.40)

-17.82
(-17.94)

-14.79
(-14.48)

-12.25
(-IO,92)

M2G 11.5'
(11.19)

12,62
(12e03)

11.80
(12i45)

12e82
(12.87)

13.87
(13.29)

14.10
(13.71)

nk2 -14.4
(-14.51)

-5,59
(-6.92)

-3.36
(-3.10)

O.82
(O.72)

4.81
(4.54)

7.IS
(8.36)

M3s
22.0
(22,20)

16.66
(18.00)

16.80
(l6.50)

14.46
(14.60)

13.07
(12.70)

Ms,i -35.0
(-35.56>

-27eOl
(-25.32)

-19.45
<-20.20>

-l5.44
(--15,08>

-8.46
(-9.96}

M,l6 -21.0
(-21.32)

--- 18.91
(-l7.24)

-15.20
(-15.20)

-13.35
(-13.20)

-11.25
(-ILIO)

"

Table '2.

Moment

.

Mm
M21

if14

BLi

Mh4

Gk3

Mas

ag,

nllif;

Mks

Nuinber of Panels in Span

16

 7.4
 (6,49)
 7.7
 (7.61)

143
(14.28)

 8.5
 (8.40)

 9.6
 (9.68)

 8.5
 (8.48)

 l8.4
(18.90)

 9.1
 (9.50)

 8.7
 (9.00)

 9.5
 (9.70)

12

 4.37
 (4.53)

 5.33
 (5.35)

 9.47
 (9.96)

 5.21
 (5.40)

 6.58
 (6.46)

 5.86
 (5.76)
13.4]3

(13.oo)

 5.99,
(5.50)

 5.31
 (5.40)

 5.75
 (5.82)'

10

 3.56
 (3.55)

 4.31
 (4.25)

 7.77
 (7.80)

 3.84
 (3.90)

 4.97
 (4.90)

 4.49
 (4.40)
10,25
(10.00)

 3.78
 (3,50)

 3,58
 (3.60)

 3,92
 (3.88)

8 t 6 i 4

2.54
(2.57)

3.11
(3.13)

5.76
(5.64)

2.55
(2.40)

3.39
(3.34)
3.06
(3.04)

6.93
(7,oo)

1.26
(!.50)

l.65
(1.80)

1.83
(1.94)

  1.59
  (1.59)

  1.98
  (2.0!)

  3.55
  (3.48)

  O.90
  (O.90)
  1.73
 (1.78)
  1.61
  (1,68)

  3.94
  (4.00)

-O.60
<-e.so>
  o
 (o>
  o
  (o)

  O,69
 (O.61)
  O.89
 (O.89)
  1,19
 (1.32)
-1.32
(-O.60)
  o
 (O.22)
  o
  (O.32)
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Table 3.

Moment

'Mbi

Mio

Mh2

M2o

M,
M31

Mle4

]k2

Mhs

M53

' ca6

Number of Panels in Span

12

  16.85
 (16.85)
   1.66
  (1.72)
-16.85
(-16.85)
-20.58
(-20.58)
-11.99
(-12.oo)
-20.22
(-20.61)
  16.29
  (16.04)
- O.43
(- O.32)
  16.04
  (16.46)'
 -12.83
(-13.10)
-18.32
(-18,24)

10

  14.95 ･
 (15.27)
   2.05
  (1.45)
-l4.95
(-l5.27)
-18.84
(- 19.50)

-10.04
(- 9.50)
-19.48
(-l8.95)
  15.52
 (15.92)
   1.47
  (2.10)
  16,48
  (16.00)
- 7.90
(- 7.40)
-15.16
(-15.80)

8

  13.89
  (13.70)

   1.l5
  (1.l8)
 -13,89
(-13.70)
-19.16
(-18.42)
- 6.88
(- 7.oo)
-17.32
(-17.29)
  l6.72
  (15,80)

   4.64
  (4.52)
  15.60
  (15.54)
- 1.59
(- 1.50)
-13.31
(-13.36)

6

  12,12
 (l2.11)
   O.88
  (O.91)
- 12.12
(-l2.11)
-18,09
(-17.34)
- 4.43
(- 4.50)
-16.05
(-l5.63)
  16,55
 (15.68)
   6.80
  (6.94)
  15.54
 (15.08)
   4.73
  (4.00)
-10.67
(-10.92)

4

  10.35
  (10.53)

   2.37
  (O.64)
-10.35
(-10.35)
-15.27
(-16.26)
- 4.08
(- 2.00)
-13.57
(-13.97)
  14.35
  (15.56)
   6.73
  (9,36)

Table 4.

Moment

Ml2

Mhi

AG4

uai

Mh4

M3
M4s

Mh4

Mb6

M6s

Number of Pan'els in Span

12

 3.42
 (3.44)

 4.28
 (4.30)

 6.91
 (6.90)

 4.13
 (4.05)

 4.18
 (4.15)

 3.94
 (3.95)
10.68
(10.56)

 5.19
 (4.90)

 3.24
 (3.10)

 3.59
 (3.50)

10 l 8 1 6

2.68
(2.70)

3.32
(3.38)
5,31
(5.40)

2.73
(2.75)

3.00
(2.95)

2.89
(2,85)

8.08
(8,10)

3.13
(3.40)

1.92
(2.02)
2.17
(2.30)

 1.96
(1.96)

 2.45
･(2.46)

 3.77
(3.90)

 1,38
(1.45)

 1.72
(1.75)

 1.70
(1.75)

 5.59
(5.64)

 1.86
(1.se)

 1.02
(O.96)

 1.12
(1.10)

  1.22
 (1.22)
  1.54
 (1.54)
  2.33
 (2.40)
  O.07
 (O.15)
  O.51
 (O.55)
  O.60
 (O,65)
  3.20
 (3.l8)
  O.42
 (O.40)
  o
(-O,10)
  o
(-O.10)

4

  O.74
  (O.48)

  O.92
  (O.62)

  O.97
  (O.09)

-1.14
(-1.15)
  o
(-O.65)
  o
(-O.45)
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   In Fig. 10 tl)ere is shourn graphieally this linear variation of the

moments for the standard through Warren truss with parallel ehords.
   Therefore by the use of this cl']aracteristie of the linear variation

of moments, t･he numerical moment formulae are obtained in the form

                 Mmn -- (it'n+6) ..I.................... (A)

where Al;.. denotes the bending moment at the end onz of member
o?z-n, n number of panels and a and b are constants which are con-

eerned with the type of truss and -loading condition anrf independent

of the number of panels in a span.

   For example,s, the nqmerieal moment formulae for the standard

through Warren truss with parallel chords and the same with poly-
gonal chords are obta' ined by the use of the values in Tables 1 to 4

asfollows: ' ',.
  Standard Through Warren II]russ vsTit,h IParallel Chords.

Moments of Chord Members:
       Mbi (portal O-1, lower) =:(O.95n+6,40)
       2lflo (portal O-1, upper) =: (O.63 n-O.65)

       1lfb2. (lower ehord O-2, left) == (-O.95 n-6.40)

       Mho (lower chord O-2, right) =(-O.35n-13.20)
       Mi3 (upper ehoyd 1-3, left) --- (-2.20 7,.+5.00)

       I.Gi (upper chord 1-3, right) == (-1.73n-4.10)
       Mh4 '(lo･wer chord 2-4, left) == (-O.21n+14.55)

       eq2, (lower ,chord 2-4, rjght) == (-1.91 n+16.00)

       2ifks (upper chord 3-5, left) -- (O.95 n+7.00)
       Mis3 (upper 'chord 3'-5, right) =:(-2.56 n+5.40)

       ]16 (lower ehord 4-6, left)=:(---1.02n-5.00)

                                    ,etc.

Moments of･ Web Members:
       .Zlfi2 (sub-vertieal 1-2, upper) :(Q.49n-1.35)

       Mhi (s.ub-vertical 1-2, lower) = (O.56n-l.35)

       Ml4 (diagonal 1-4, upper) -- (1.0S n-3.00)

       uai (diagonal 1-4, lower) =: (O.7oV n-3.60)

       -Mh4 (sub-vertical 3-4, upper) == (O.78 no---2.90)

       Mkg (sub-vertical 3-4, lower) -- (O.68 n-2.40)

    , uas (.diagonal 4-5, lower) =(1.50nL5.00)
       Mk4 (diagonal 4-5, upper) = (1.00n-4---6.50)

       Ms6(sub-vertica15-6,upper)==(O.90n-5.4Q) '
       Mks (sub-vert･ical 5-6, lower) = (O.97 n-5.82)

                                    ete.
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 Standard Through Warren Truss with Polygonal Chords.

Moments of Chord Members:

       Mbi (portal O-1, lower) -- (O.79n+7.37)

       Mio (portal O-1, upper) :== (O.135 n+O.10)

       Mb2 (lower chord O-2, left) = (-O.79n-7.37)

       Mlao (lower ehord O-2, right) == (-O.54n-14.IO)

       Mi3 (upper ehord 1-3, left) --- (-1.25n+3.00)

       Mbi (upper chord 1-3, right) == (-O.83n-10.65)

       Mh4 (lower chord 2-4, left) ----- (O.06 n+15.32)

       MZ2 (lower chord 2-4, right)=:(---1.21n+14.20)

       Msis (upper chord 3-5, left) = (O.23n+13.70)

       MB3 (upper chord 3-5, right) --(-2.85n+21.le)

       n46 (lower ehord 4-6, left)==(-1.22n-3.60)

                                    etc.

Moments of Web Members:

       .Mi3 (sub-vertical 1-2,, uppgr) =:(O.37 n-1.00)

       ]4lei (sub-vertical 1-2, lower) == (O.46 n-1.22)

       ]G4 (diagonal 1-4, upper) == (O.75 n-2.10)

       ani (diagonal 1-4, lower) = (O.65 n==3,75)

       LZlfk4 (sub-vertieal 3-4, upper) h--- (O.60n-3.05)

       IIdk3 (sub-vertieal 3-4, lower) == (O.55 n-2,65)

       ans (diagonal 4-5, lower) := (1.23 n-4.20)

       1lfts4 (diagonal 4-5, upper) == (O.75 n-4.10)

       ML6 (sub-vertieal 5-6, upper) == (O.53 n-3.28)

       cas･ (sub-vertical 5-6, lower) =: (O.60 n-3.70)

                                    etc.

by the

tion

and
that

for

In Tables

   above

1 to 4, the values

numerieal moment
in braekets show･t･he values ealculated

formulae.

B. nlZzxi7num Bending .ZllJoments. Inthechord members the rela-

 between the maximum bending moment at the dnd of a member
the variation 6f the n'umber of panels in a span is generally }ike

 for fu11joint loads, as the bending moment is nearl>r the maximum

fulljointloeldsingeneral. '

t
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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 membei' in ques-

tion, that is, the maximum bending moment oecurs fbr the same
partial Ioading as the maximum direet stress. The variation of the

maximum bending moment due to the inerease of, the number of
panels in a span is also condidered to be linear from the faet that

the maximum direet stress by whieh the maximum bending moment
is produced, can be also considered to vary linear]y by the variation

of ithe number of panels in. a span as already mentioned in the
preceding Memoirs".

   In the standard through "VSrarren truss with parallel chords, for

example, the variation of tthe maximum bending mQiinents, from which

the maximum seeondary 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 indieated in Table 6.

   All the moment values are forjoint ]oads having unit intensity.

Table 5.

Moment

Ml2

cai

Ml4

211!k,

Mh4

jq,

Ms
]k,

]k,

nlTGs

Mlis

Number o£ Panels in Span

12

 4.40
(4.63)

 5.33
(5.37)
10.41
(11.os)

 8.67
(8.67)

 6.91
<6.91)

 6.40
(6.41)

15.07
(!4.80)

 8.17
(7.80)

 5,90
(5.95)

 6.29
(6.37)'

 7.23
(7.20)

10

 3.59
(3.65)

 4.31
(4,25)

 8.70
,(8.90)

 7.45
(7.43)

 5.34
(5.35)

 5.06
(5.05)

11.95
(11.80)

 6.06
(5.80)

 4.25
(4.25)

 4.55
(4n55)

 5.18
(5.20)

8

2,60
(2.67)

3.11
(3.13)

6.76
.(6.74)

6;17
(6.19)

3.80
(3,79)

3.66
(3.69)

8.72
(8.80)

3.79
(3.80)

2.51
(2.55)

2,65
<2.73)
3.21
(3.20)

6

1.69
(1.69)

1.98
(2.01)

4.62
(4.58)

4.94
(4.95)

2.23
(2.23)

2.29
(2.33)

5.82
(5.80)

1,83
(1.80)

O,93
(O.85)

O.94
(O.91)

4

O.86
(O.71)

O.93
(O.89)

2.52
(2.42j

2.61
(3.71)

O.63
(O.67)

O.81
(O.97) ,

   ee F･ Takabeya and T. Sa･kai: A New Method of Rapid Comp.utation of Seeondary

Stresses of Simple Bridge Trusses, The Memoirs of the Faculty of Engineering, The

Hokkaido Imperial Vniversity, Vol,4, No. 2, P. 176. Deeember, 1937.
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Table 6.

Moment

jtl2

.Zllht

M14

11fli

lk-

2IIlj3

Mss

]k
Mb6

Mks

Number oi Panels in Span

12
 ,

 3.57
(3.55)

 4.28
(4.30)･

 7.93
(7.90)

 7.62
(7.40)

 4.83
(4.83)

 4.80
(4.80)

12.80
(12.75)

 8.05
(8.04)

 4.21
(4.25)

 4,55
(4.57)

10 8

 2.83
 (2.85)

 3.33
 (3.38)

 6.35
 (6.40)

 6.31
 (6.40)

 3.68
.(3.75)

 3.77
 (3.80)
10.･26

(10.35)

 6.13
 (6.40)

 2,97
 (3.15)

 3,18
 (3.35)

2.13
･(2.15)

2.47
(2.46)

4.85
(4.90)

5.13
(5.30)

2.54
(2.67)

2.72
(2,80)

7.84
(7.95)

4,92
(4V6)
2.15
(2.05)
2.21
(2,13)

6

i

 1.41
(1.45)

 l.59
(1.54)

3.47
,(3.40)

4.07
(4,20)

!.55
(1.59)

 L81
(1.80)

5.51
(5.55)

3.25
(3.12)

 l.05
(O.95)

1.07
(O,91)

4

O.95
(O.75)

1.00
(O,62)

2.17
(1.90)

2.33
(3.10)

O.71
(O.51)

O.91
(O.80)

   In Fig, 11 there is shown graphically the above linear varjation

of the moments for the standard through "VSTarren truss with parallel

chords.

   Therefore the numerieal monient fbrmulae for the maximum
bending moments are also obtained in the same form as for the full

   For examples, the moment equations for the standard through
Warren trusses'with parallel and polygonal chords are obtained by

theuse'ofthevaluesin[l]ables5and6asfbllows: .

  Standard [l]hrough XVarren 1]russ NsTith I'arallel Chords.

Maximum Moments of Web Members:

       142 (sub-vertieal 1-2, upper) :== (O.49 n-1.25)

       ]`Zbi (sub-vertical 1-2, lower) == (O.56 n-1.35)

       nL4 (diagonal 1-4, upper) == (1.08 n-1.90)1

       ]Li (diagonal 1-4, lower) == (O.62 n+1.23)

       ]k4 (sub-vertiea･l 3-4, upper)==(O.78n-2.45)

       lldL3 (sub-vertieal 3-4, lower) ----- (O.68 n-1.75)

       ]Ls (diagonal 4--5, Iower) = (1.50 n---3.20)

       n44 (diagonal 4-5, upper) == (1.00n-4.20)
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filg6

Mks

Mgs

Csub-vertical 5-6, upper)

.(sub-vertical 5-6, lower)

(diagonal 5-8, upper) =:

==. (O.S5 n-4.25)

= (O.91 n-4,55)

(1.00o･b-4.80)

      ete.
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Fig. 11.

 Standard Through "Vgrarren Truss with Polygonal Chords.

Maximum Moments of Web Members:
       M2 (sub-vertical 1-2, upper) == (O.35 n.-O.65)

       Mlei (sub-vertieal 1-2, lower) = (O.46 7z-1.22)

       M14 (diagonal 1-4, uppeD =i (O.75nrl.10)
       ]dZi (diagonal 1-4, lower) = (Q.55 n+O.90)

       Mh4 (sub-vertical 3-4, upper) == (O.54n-1.65)

       fiL3 (sub-vertical 3-4, lower) -- (O.50 n-1.20)
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           uas (djagonal 4-5, lower) == (1.20 n-1.65)

           ]44 (diagonal 4-5, upper) == (O.82 n-1.80)

           1.k6 (sub-vertical 5-6, upper) == (O.55 n-2,35)

           ]dhs (sub-vertical 5-6, lower) = (O.61 n-2.75>

                                          etc,

   In 'I]ables 5 and 6, the values in brackets-show the values
calculated by the above formulae.

    C. Benaing211bmentsduetoaSingleLoaa. Inthechordmembers,
tlie amount of the maximum bending moment at the end of a member
due to a single load is Iittle affeeted by the variation of tl}e number
of panels in a span.

   Thus, in the standard througl} Warren truss, n4i, ]n2, Bno, ua4
and bQ2 attain the maximum values with the single load at joint 2.
These values are eonsidered to be nearly constant fbr any number of
panels, as shown in Table 7.

   Moments nli3, Mbi and Mhs attain the maximum values with the
single load at joint 4. Tliese amounts for any number of panels are

writt,en in Table 8. They also are nearly eonstant.

   Tables 9 and 10 are fbr the standard through Warren tJruss 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 joint 4.

                           Table 7.

Moment

M6i

filhg

]4o

M24

ca2

Number of Panels in Span

12

  8.64

- 8.64

-14.78

 14.65

  9.45

10

  8.50

- 8.50

-14`55

 14.42

  9.25

8

  8.49

- 8.49

-14.64

 14.55

  9.47

6

  8.49

- 8.49

-14.69

 14.64

  9.57

4

  8,23

- 8,23

-14.45

 14.49

  9.61

Table 8.

Moment

Mt3

]ki

M3s

Number of IPanels in Span

12

- 5.39

-ILIO

 10.62

10 {

- 5.48

-A.ss

 11.16

8

- 5.28

-11.36

 11.01

6

- 4.91

-11.37.

 11.20

4

- 4.20

--- 10.31
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                        Table 9.

Number of Panels in Span
Moment

12 10 8 6 4

'

"tet ,8.69 8.68 8.68 8.61 8.47'

lfo"i
--- 869 -m" 8･68 -8.61 -g.47

M2o ,-15.68 -15.58 -15.69 -15.63 -15.27

M2.l 15.67 15.59 15.72 15.68 15.35

ifg2 9.62 9,58 9.68 9.67 9.70

Table 10.

Nuinber of Pa,nels in Span

Moment
12 10 8 6 4

M13 -4.37 -4.42 -th･ 4.14 -3.86 -4.81

mir/31 -12.21 -12.41 -12.24 -12.33
.

M3s 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 ehord members.

   Therefore, for the maximum bending moment at the end of any
member due to a single load eonstant a Sn numerical moment fbrmulae

is considered to be zero.

   3. Arzamerica･l Mbment Fo7'mzLlae for 7irzesses with the Same Ratio,

both of Sti,fuegs and Sectional A7'ea as 8tcunaard Trusses.

   In ordinary construction of bridge trusses, panel points carry all

the loads and the ]oaded chords carry no intermediate loads; in con-

sequence of the loading eondition the moment at the end A of the
member AB restrained at the ends is expressed by the well-known
                    'equation, '
' MLeb pmm= liilib(2Wa+9b+Wab) ････..o.･....''''''' (a)

in this equation, we denote by -Kl,b the moment of inertia of the
section divided by the length of the member AB, i.e, .Khb the stiffness

value of the member AB; q). and qb the joint-rotation angle of the
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 ends A and B, respeetively, multiplied by 2E; E the' modulus of
 ienlauSlttil.Cpiltitle.dOfbyth9-IJEIalerjali and by Wab the member revo]ution angle

    [l]he bending moinent on a"seetio'h is eonsidered positive vvhen

the gouple acts in a clockNsTise direction upon the portion of the member

conQidered; the joint-rotation･angle is considered positive when the

angle'has turned clockwise, measure{l from its initial position; the
member revolution angle is also positive in case of revolution in cloel<-

wise direetion from the initial position of the member.

 . As the valu6 W.b for an absolutely stiff conneeting joii}t is but

slightly different from that for a pin connectingjoint, 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

SlopeDeflectionEq'uation(a). '･

    For a joint 7?z shown in. Fig.I2(a) the equilibrium condition of

the total moments gives: ･ ･
.. :.i]srin ==O            '']1;ni+jd;n2+''''+]Lnde--O l' "'''''"''''(P)

inWhicl} '
 '

 ･'.. ]il;,,i=Kmi(2opm+qi+Wmi) l '
'' - Sill'lli,:'"iiiihll`,YY.'#.//;.k':,i,'j''''''"''";''(e),

       -
                                                    '                                                 '    Substitutingeqyation(e)in(b)gives: '
                                                '                                              '
    2q,n(Kmi + K;it2 + "''' + rcmn) + qiK;ni + g2 KLn2 + '''' + qnKL,tn

        =: -(camlKintl+ Wm2Km2+ '"'' + WmnKL,zn) e......'.... (d)

   '                                          '                                                   '                                                      '
･ From this condition of equilibrium, each joint gives one equation

caonidita77tt.ngOdilntS giVe Yl]erefore on equations, in which m unkpown g are

   Next, ]et another frame of similar form be considered, having the

same stifllness ratio as well as the same ,sectional area-ratio, as shown

in l]"jg. 12(b), while the stiffness values are a times the former frame

inFjg.12(a)andthesectionalarearctimesthesame. -
   For the joint on in Fig. 12(b), the equilibrium eondition gives in

                                   '
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 2spUtK(Kni + K;n?+ '''･ + -lkrLnn) + gp{rcKLiti + g'5rcKLn2 + '''' + CP4. reK"n,

       = 'rc(%t!Kini+ e';n2Kin2+''''' + WinnK;nn) e･････････ (e)

in whieh g' and W' are respeetively the joint-rotation angle and
member revolution ang]e for t,he frame shown in Fig. 12(b).

                   '          'f' '                                     1
                               '
  n'<<., :<'/2 ,n'<×.,

sw

.7.,ajk,ltva3ic3" nf'm,,ajpteq,

   /fa:;A::.;.;}･iZ;Ns.,clr;<l7ffrz33" rs/ha/".`of""iill

     ,t s
                       Fig. 12.

   Mohr's

                  Cl]t= !Z+ "-een-e-

                      a
Equation (e) therefore becomes:

   2gth(ILni+Km2+''"' '
      == --IL(epmilZLni+ IP'm2Zgiht2+ e'e'

          a
From equations (d) and (g) it is obvious

   gDh := opM , gpl m- -qJ , opi, -- -gD2 ...

and
            ]4'i ""KLn'(2 `P.M 'LS!i'L' .

                              '
      ' M;t2==rcKhn2
             . aa             :
             .            M;".,, = rcK;nn(2 `1.'M +Illi'L+

m

:
l

1

:

N
-N
N

17

it

l
l
l
lt

r

 ,2
Sli /.2s

.･

k･k.;i-"ie.it- e-i

NNN4fi)n4dAm3 3'

 Xx.N>'4'

   x xX

    4'

Djsplaeement Diagram shows generally:

                       e"-e-e---e--t---O (f)

          -l-Knn)+{PiKhti+{pEKint2+''''+CP;tKnn '

                     + W'm7iKLnn) .,･..･.e (g)

                     that:

                     '`p;, = IR!'`' ･･･.･･e･ (h)

                           a

                      Ylmi )

           (2 qm +gt + w:,2.)

                      V': l,z?t )
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or

                     Mhi rw- '" 1ifmi

                           a

                     Mi2dnimop-:Mm2 eeo.o..e.eeo.ee(i)

                     Mhn =: -rc Mmn
                           a

   In the above equations M' is the moment at the end of a member･
of Fig. 12 (b) due to the same Ioading as the frame of Fig. 12 (a).,

   Equations (i) are fbund to be very important relations and very
praetical of application to the caleulation of secondary stresses.

   Considering any truss'of similai fbrm, having the same stiffhess

ratio as well as the same sectional area-ratio as the standard one,
while the stiffness values are rc times the standard one and the･seetional
areas a times the same, the numerical momerit formula.e for this truss

beeomes as fo11ows by the use of the relation of equations(i)and the

numerieal moment fbrmula of the standard truss whieh is represented
by equation (A):

                     ]4;nn = (a'n+b)I!L ･g'e..･e,･･eee..･ (B)･

                      ･a
in whieh constants a and b are the same as those fbr the standard
truss, and n the number of panels in a span,

   4. Arzemeo･ical Mbment li'qo"onzulae foT 1'russes 2vith･ Szt,b-VeTticals of

Di.6fe7'ent Sectional ATea-Ratio from Standao'd Tj-usses.

   The variation in the area of sub-vertieals has great effeet upon

the seeondary stresses in tbe ehord members and some of the actual
examples are different from the area-ratio in the standard truss as
the area of the' se sub-vertieals js independent of the number of panels

in a span. Hence it is neeessary to find this effeet.

   In the standard truss, let

      a.t =:seetional area of tensile sub-vertieals,

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

          ease when sub-vertieals are assumed not to extend due

          to the same loading.
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                                           tt                                    '     Th'en the bending moment at the end of any member in the
 standard truss due to lower joint loads is expressed as follows:

               '     , .ZMi = AC)+(Mi-]db) e..ee.ee.eeee.'Le (j)

     I'n t'he above equation, .Ml, is constant for any value of the seetional

 area of the sub-verticals when their stiffness is considered to be constant,

 and the diflbrence between M} and Mb, namely, M}--Mb gives the
 moment arising fi]om the elastie elongation of the sub-vertieals,

  . Therefore, this amount of ]G-Ml, sh6uld be direetly proportional

, to the elastic elongation of the sub-verticals and aecordingly inversely

 proportional to the s.ectional area of those members.

     Therefore, when the sectional area of the tensile sub-verticals in

 the standard truss takes any amount at instead a,t, the moment due
 to lower joint loads becomes

                j4'= Ml,+(M}-Mb)aOt ......e.,.ee･.e.e-eee (k)
                                at

     In a sirnilar way, when the seetional area of the compressive sub-

  verticals takes any amount of a. instead of a,,, the moment due to

  upper joint loads beeomes '
                M--.- 1lf1)+(?ldls-1lf1))aOe eeiee'eeeeeeee-e-"eooe' (1/)

                . ,ac
  where 11L, js the moment of any member in the s,tandard truss due
  to the upper joint Ioads.

     Now, fbr example, a Warren truss of 10 panels with parallel ehords

  is taken as shown in Fig.13, 'I]he sectional areas of sub-xTertioals in

  this truss are all eqqally O.15 whieh 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 Iower joint loads having
  unit intensity are as foliows:

     ]%2 =-15.42, cao=-16.12, nG4:=11.80, an2 ==-3.36 etc.

     -VNThen the sub-verticals are assumed not to extend, these moments

  become as foIlows: '                        '
     ].%2-ku-8.40, ]1leo---4,81, Ol>4==:O,22, IL2--r17.17 etc.

  are eiEo[:6apCuetebdY aesqUfoaiiioOwns(:k) the moments of the truss of this exampie
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       j4, == -8.40+(-15.42tS.40)oOi¥.O. -- --22.44(-22.44)

        tt                            '                                        '
                               O.30       ]Go,= h4.81+,(-16･12+4'81)o.ls                                    = -27.43(-27.45)

                                       '       Mle, == o.22+(11.so-o.22) 9/:31g == 23.3s(23.4o)

          tttt t      '                         '       ]4, mu- -17.17+(-3.36+17.17)'8. 1,310s == 10.4.pt･(10.47)

       '                          .t      '

･ The above vaJues in brackets are those ealeulated directly by the

Slope Distribution Method.

                                                  s'

AsasoA=o,soAxr-Artf

¢9Z,,sski":,･

Attt2f5

KsO,S5

;t,'N"e.'.'Nt'cr.ti･

AsO,55

A=e.85

g'ss""pu"'N'c.>.

"),"ew',.{',

A:ago

K=1

g･'"e.mp,."-L.p$t

A=090

K"1

:t"e"llle[ssNssltilA=1,10 eYig

oK=e,502Ks0504K=O,756K=a75sKptO.90 fol

                           Fig. 13.
                                                          '
                                '   Even when the sub-vert･icals are assumed not to extend iinder any
loads, the nuinerical moment' forinul'ae are also given for t･he standard

trusses in the saine fbrm as equation (A), and yet, as the efTect of
the variation of the seetional area of the sub-verticals is iittl'e influenced

by the variation of the ･number of panels in a span, the c6efficie'nt of

n in the numerical moment formulae is eonsidered t･o take the same

value in both case$. ･
   For example, moments and numerical moment formulae for the
standard throngh Warren trusses with either parallel or polygona･1

chords having the t'ull 16sijer joint loads under the above mentioned'

assumption that the sub-verticals dQ not extend under any loads, are

   Tables 11 and 12 show the i:nomaents for the truss with parallel
chords and Tables 1:') and 14 tlie moments for the truss viTith polygonal

   The intensity of the lower joint !oads is taken ･as unity.. ,, .
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Table 11.

Moment
Number of Panels in Span

I6

Atbi

1lf1e

]lb2.

lf20'

All,

]1111

ILIT2I

ln,,

IStks

Mb3

111,,;

l
  15.1
  (14.50)

   6.2
  (7.08).
-15.1
(714.50)
- 8.4
(r 8.10)
-27.3
(-28.00)

-30.9
(-13.23)
   O.4
  (o.24)

-27.5
(-28.36)
  21.5
  (2t.80)

-34.8
(-35.56)
- 5.70
(- 5.72)

12 l 10

  11.34
  (10.70)

   4.81
  (4.56)
 -11.34
(-IO.70)
- 6,64
(- 6.70)
-18.99
(-19.40)
 -22.6S
(-24.30)
   1.03
  (1.08)
-20.28
(-20.72)
  16.25
  (18.00)

-26.98
(-25.32)
- 3.09
(- 1.64)

   8.40
  (8.80)
   3.56
  (3.30)
- 8.40
(- 8.80)
 - 4,81
(- 6.00)
 -15.20
(-15.00)
 -21.20
(-20.85)
   O.22
  (1.50)
 -I7.17
(-16.90)
  16.39
  (16,10)

-19.39
(-20.20)
   O.63
  (O.40)

i 8

E
J

   6.64
  (6.90)
   2.00
  (2.04)
- 6.64
(- 6.90)
- 4.62
(- 5.30)
 -10.64
(-10.60)
 -17.25
(-17.39)
   1.24
  (1.92)
-12.94
(-13.08)
  14.02
 (I.4.20)
-15.43
(-15.08)
   2.37
  (2.44)

6

   5,02
   (5.00)
   O.62
   (O.78)
- 5.02
(- 5.00)
 - 4.57
(- 4.60)
 - 7.08
(- 6.20)
 -14.17
(T13.93)
   2.32
  (2.34)
 -, 8.84
(- 9.26)
  12.58
 (12.30)
- 8.70
(- 9.96)
   4.26
  (4.48)

4

   3.13
  (3.IO)
- O.66
(- O.48)
- 3.13
(- 3.10)
- 4.16
(- 3.9D)
- 1.93
(- 1.80)
-11.34
(-10.47)
   3.08
  (2.76)
- 4.58
(- 5.44)

Table 12.

Moment

M12'

ua1

1ifll

M,
]n,

]14r,

M,s

nlhi

n4,

M,s

Number of Panels in Span

l6

 6.6
 (6.74)

 8.0
 (7.86)
14,5
(14.38)

 7.6
 (7.65)

 9.4
 (9.6)

 8.2
 (8.33)
17.2
(18.10)

 8.6
 (9.00)

 88
 (9.00)

 9.5
 (9.70)

l2

 4.61
 (4.78)

 5.61
 (5.62)

 9.57
(10.00)

 4.38
 (4.65)

 6.43
 (6.31)

 5.60
 (5.61)
12.52
(12.10)

 7.66
 (5.00)

 5.35
 (5.40)

 5.85
 (5.82)

IO

3.80
(3.80)

 4.58
(4,50)

 7.84
(7.90)

2.99
(3.15)

4.82
(4.75)

4.25
(4.25)

9.32
(9.1O)

3.36
(3.00)

3.65
(3.60)

4.00
(3.88)

8

2.78
(2.82)

3.38
(3.38)

 5.86
(5.74)

1.72
(1.65)

3.24
(3.l9)

3.06
(2.89)

6.03
(6.10)

O.86
(1.00)

1.70
(1.80)

l.88
(1.94)

6

  1.83
  (1.84)
  2.25
  (2.26)
  3.66
  (3.58)
  O.14
  (O.15)

  1.59
  (1.63)

  1.38
  (1.58)

  3.07
 (3.10)
-1.04
(-1.00)
  o
 (o)
  o
  (o)

4

 ' O.87
  (O.86)

  1.09
 (1.14)
  1.72
 (1.42)
;1.04
(-1.35)
  o
 (O.07)
  o
 (O.20)
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Table 13,

Moment

Alloi

Mo
1ifh2

Mho

M3
1lfhi

Mx

M2
1ifks

Mh3

A46

Number of Panels in Span

12

   9.41
  (9.43)
- O.65
(- O.66)
- 9.41
(- 9.43)
- 8.30
(- 8.30)
- 9.77
<- 9.68)
-19,60
(-20.oo)
   3.71
  (3.46)
-16.34
(-16.22)
  15.65
 (16.07)
-12.64
(-12.90)
   O.54
  (O.60)

10 1 8

   7.50
  (7.86)
- O.29
(- O.93)
- 7.50
(- 7.86)
- 6.56
(- 7.22)
- 7.82
(- 7.18)
-18.87
(-18.34)
   2.93
  (3.34)
-14.42
(-13.80)
  !6.07
  (15.61)

- 7.74
(- 7.20)
   3.67
  (3.05)

   6.46
  (6.27)
- 1.20
(- 1.20)
- 6.46
(- 6.27)
- 6,93
(- 6.14)
- 4.66
(- 4.68)
-16.68
(-16.68)
   4.16
  (3.22)
-ll.14
(-ll.38)
  15,15･
 (15.15)
- 1.52
(- 1.30)
   5.31
  (5.49)

6 i ,4

   4.70
  (4.69)
- 1.49
(- 1.47)
 - '4,70
(- 4.69)
 - 5.88
(- 5.e6)
- 2.19
(- 2.18)
-15.34
(-15.02)
   4.05
  (3.10)
- 8.80
(- 8.96)
  15.01
  (14.69)

   4.46
  (4.20)
   7.63
  (7.93)

   3.09
  (3.11)
- O.20
(- 1.74)
- 3.09
(- 3.11)
- 3.85
(- 3.98)
- 2.13
  (O.32)
-12.60
(-13.36)
   2.74
  (2.98)
- 5.67
(- 6.54)

Table 14.

Moment

Ml2

]4,

M,

M,
.2lfb,

M,
]L,

Msl

1ifh6

Mts

Number of Panels in Span

12

 3.68
,(,3.70)

 4.58
(4.oo)

 6.75
(6.70)

 2.94
(2.90)

 3.95
(3.93)

 3.56
(3.55)

 9.27
(9.16)

 4.55
(4.25)

 3.34
(3,20)

 3.77
(3.60)

10

2.94
(2.96)

3.63
(3.68)

5,16
(5.20)

1.57
(1.60)

2.80
(2.73)

2.50
(2.45)

6.67
(6.70)
2.52
(2.75)

2,03
(2.12)

2.31
(2,40)

8

2.22
(2.22)

2.77
(2.76)

3.64
(3.70)

O.25
(O.30)

1.51
(1.53)

1.34
(1.35)

4.24
(4.24)

1.24
<1.25)
1.07
(1.e6)

l.21
(1.20)

6

  1.46
  (1.48)

  1.83
  (1.84)
  2.22
  (2.20)

-O.97
(-1.00)
  O.33
  (O.33)

  O.25
  (O.25)

  1.89
  (1.78)

-O.24
(-O,25)
  o
 (o)
  Q
  (o)

4

  O.92
  (O.74)

  1.11
  (O.92)

  l.41
  (O.70)

-O.93
(-2.30)
  o
(-O.86)
  o
(--O.85)

 l;1''･''-

/"/..
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   Numerieal moment formulae are obtained by the use of the
in Tables 11 to 14 as 'follows:

      Standard Through Warren Truss with Parallel Chords.

   Moments of Chord Members:

          Mbi (portal O-1, lower) = (O.95 n-O,70)

          ]`Tle (portal O-1, upper) =(O.63n-3.00)

          ](}2 (lower ehord O-2, IefV =(-O.95 n+O.70)

          Mlio- (lower chord O-2, right) = (-0.35 n-2.50)

          ]13 (upper chord 1-3, left) == (-2.20 n+7.00)

          ]lbi (upper chgrd 1-3, right) == (-1.73 n-3.55>

          Mli4 (lower ehord 2-4, left) :=(-O.21 ･n+3.60)

          114k2 (Jower chord 2-4, rjght) == (-1.91 n+2.20>

          Mks (upper'chord 3-5, left) == (O.957?.+6.60)

          "1is3 (upper chord 3-5, righO =:'(-2.:56n+5.4e)

          Mk6 (lower chord 4-6, left) = (-1.02Jn+10,60)

                                        ete.

   Moments of･ Web Members:

          M12 (sub-vertical 1-2, upper) = (O,49 n-1.10)

          Mlei (sub-vertical 1-2, lower) == (O.56 n-1.le)

          Mi4 (diagonal 1-4, upper) == (1.0S nr2.90)

          Bdlii (diagonal 1-4, lower) =:(O.75 n-4.35)

          Mh4 (sub-vertieal tO)-4, upper) == (O.78n-,3.05)

          ua3 (sub-vertical tD,-4, lower) =(O.68n-2.55)

          Mls (diagonal 4-5, ]ower) -b-- (1.50n-5.90)

          ]k (diagonal 4-5, upper) == (1.00n-7.00)
          M86 (sub-vertical 5-6, upper) -- (O.90 n-5.40)

          Mhs (sub-vertical 5-6, lower) = <O.97 n-5.82)

                                        etc. -

values

-

       Standard {{]hrough XVarren 'l]russ with IPolygonal Chords.

     Moments of Chord Members:

            M6i (portal O-1, lower) == (O.79n-O.05)
            .7lfio (portal O-1, upper) == (O.135 n---2.28)

            Mb2 (Iower chord O-2, left) == (-O.79 n+O,05)

            Mlio (lower chord O-2, right) ==(--O.54 n-1.82)

            .Zifl3 (upper chord 1-3, left) =:<-1,25 n+5.32)
<f;LNili,,f$agi,gs k'1fltPwPeeceftgig2'r,3;ig,g,h)th2?,(,-,o.s.3,n,-,;eo4)

    w

`

,



'

･

          ]42 (Iower chord' 2-4, i'ight) -- (-1.21 n---1.70)

          IUks (upper chord 3-5, left) == (O.23'n+13.31)

          Mii3 (upper chord 3-5, rjght) :(--2.85n+21.30)

          Mli6 (lower chord 4-6, left) == (-1.22n+15.25)

                                        etc,

   Moments of Web Members:
          Mii (sub-v6.rt,ieal lr2, upper) -- (O.37 n-O.74)

          zai (sub-vertical 1-2, lower) == (O,46 n-･O.92)

          ]L4 (diagonal 1-4, upper) -- (O.75 n-2.30)

          uai (diagonal 1-4, lower) == (e.65 n-4.90)

          .Z14k4 (sub-vertical 3-4, upper) -"- (O.60 n-3.27)

          .lllli3 (sub-vertical 3-4, lower) =- (O.55 n-3.0tj)

          ]ks (diagonal 4r5, lower) = (1.23 ?z-5.60)

          .Zifg4 (diagonal 4L-5, upper) == (O.75 n-4.75)

          Mts6 (sub-vertieal 5-6, upper) = (O.53n-3,18) .

          Mtss (sub-vertical 5---6, lower) -- (O.60 n-,3.60)

                                        ete.

   Now, let the numericaJ moment formulae of ]4 and ]G or Ml, be
respectively as follows:

                    tt                 M2)=:aon+bo･ )..!...i,eee.ee(M)

                 IG er nC,-han+b J

   Then the numerical moment formulae of the standard truss with
sub-vert･icals of any area at or a-. beeome from equation (k) or (1) as

follows:

       M -- (a.n + b.) + (an + b- a.n- b.) .a'ot

                                 at                  . ,. eode-e"--oee"e(11)
or jf=(ce,n+b.)+(an+b-a,n-b.)aoc
                                 ac

[l]he former is for the lower jo'int loads and tl)e latter for the upper

jointloads, '･
   In the above formtila the eoeMcients a. and a are the same beeause

of the above men'tioned eharacteristic of them. '' '
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                                        '                                               '
                                                '   Thereforetheaboveequationbecomes ･.
                                                   '                                      ･/                                                 '                                           '          M=(a.n+b.)+(b-b.)aot '' ･･
                   , at -oeebee."."tee(O)'

or M==(a.n+b.)+(b-b.)aoc ' ･
                             ab

   Since a.t and a.. are constants, equation (o) becomes

                                        '           ' M=:(a.n+b.)+ctX' t'
                            at e-eoeee--e'-O"e(P)

or M=(a･on+bo)+ccLil;- '''
   Omitting the sufl}xes of a, b and e, the numerical moment formula

of any member m-n in the standard truss with sub-verticals of any area

at and a. is generally represented in the.form

              '              MT.. =(a･n+b)+ceL ,
       . at ....,'Il`'e.e.".'(C)
or M;.. =: (a･n+b)+e･- . ･/

in whieh, the term in bracket shows the moment of the standard
truss in the case when sub-verticals are assumed not to extend and
gig?tileaaSItg,terM ShOWS the effect of the extention.gr shortening of subri

                                                  '    For any truss of the same ratio both of stiffness and sectional･, area

as the standard truss with sub-vertieals of any area at and a., the

numerical moment formulae beeome ･

              jif;..==((ce'n+b)+c'-i;-]':Il- '･

                 ' eo"ee-e"e---'-e (D)

or･
 M;im=:((a"7p+b)+c"-:i;-l-{il"'

           ti
    "ihen one Iets

      amax. == the ma' ximum sectional area in upper chord members
            'of the' standard truss,

      Amax. =the maximum sectional area in upper ehord members

            ofthetrussinquestion, '.'

L
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     At, A. == seetional areas of the tensjle sub-venticals and compres-

            sive sub-verticals respective]y,

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

                   - Amax.
                  a-
                      amnx.

                  a't == AtA'maa:rX' e...b..ee....o (I(i))

                      Ac'amax.
                  ac ==                        Amax.

    5. .ZV24meo"ical Jfoment Fooom2elae for 7b'?,esses avith de7nbers of

Di.treo'ent Stt.ffness Ratio .fb'o7n StancZard T7'usses. Even in the same

Sectional area the web members take different stifft]ess values aeeording

to the fbrrn of the sect･ions. Some of them are stiMy built up to
resist either tention or compression and their stiffuess yalues are large.

On the contrary, others are slenderly built to resist only tension and

their stiffness values are small.

    Hence, some of the aetua] examples are different from the standard

trusses in their stiffess ratio.

    The bending inoment at the end A of member AB is expressed,
as above, by equation (a), that is,

                 Mhb =: Khb(2{Z'a -F CPb + Wab)

   [l)he stiffness ot" web tnembers is very small as con]pared with that

of･ehord members and the effect of the variation ,of the stiffness of

the web members is negligible upon the joint-rotation angles, op. and

qb. Also the member rotat･ion angle w.b is considered to be independent

of the stiffness of the members of truss'es and it has relation only to

the sectioi)al areas of the same.

   IHence it may be said that the end moments of the chord members

are not influenced by the stiff'ness values of the web members and
these end moments of the web members are proportional to their stiff-

]}e$s values under the assumption that the seetional areas of Lhe web

rnembers are constant for any stiffness value of them.

   Beca･use of this im})ortant cbaraeteristic, the numerical moment
formulae of' any truss w})ieh in its web members has different stiffness

values from the standard truss is obtained from the formulae of the

stanclard truss. Tl]ese numerieal moment formulae beeome

･k
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          iiinn == ((a'n+b)+c"Hit-]tulli:a,x.'. iltllll::',i

                                           "-"oeeeoee (F)
                             'or fi4tn==(<a'n+b)+c"17)fii.'a.X.tKk.M."

in w]/}ich

       K.. -im stiffness of the member m-n in the truss in question

and

       km,n ---- stiffness of the member m-n in the standard truss.

   Since the equilibrium condition at a joint, namely, 2'M==: O, is

disturbed by the above correction, this diserepaney of the equilibrium

eondition should be distributed to each iinember which meets at this

joint,proportionarytotheirstiffiiessvalues. '
   Now, for example, let a through Warren truss be considered with
10 panels and stiff sub-verticals, having the stiMiess value of O.15,

while the other members are the same as those of the standard truss,

as sbown in IFig, 14, [I)his truss is subjected to full lower joint loads

}"aving unit intensity . . ..
                             '                                                     '                                                  l

A=O,80f3A--o,so5i4erAsl

"e""""tieL"ss"tit

AmO.55

K=o.es

Itil,'fF",,",'SNbN,,.,{}.Cli:llb,,

Ace,55

Ksaes'

t/rO"ts,,,,ssS"''c,,,:,s,

s=ago

K=1

}"fs,ftecag
:"e.e.e.utcr:,b

AsO.90

Ks1

l,l,,t."5",,,t,"X"i,l,

AmZIO

watii3K

oK=ase2AsOma4K=O.756K=e.75eKsasO 701

                          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 sueh fo11ows;

           '                '                                        '                                             '   At joint 'O, '
       Ad6i=15.42, 2Idb,=:-15.42

   At joint l, .
       JAo==5.87, Mls--m17･20, M4.'t7･77, Ml2==3･56

,



   At joint 2, ･
       Mle,:=-16.12, Mh4=11.80, nGi=4.31

                            '   Atjoint3, '.
       .ZIII,,'==-21.76, Iill,,=:16.80, Mh,:=:4.97

   Ete. '.,
   From the above values, the moments of the truss in this example

are determined as fo11ows:

 ' At joint O, all the members Nsrhich meet at this joint are the same

as in the standard truss. Henee, the moments at this joint are also

considered to be the same as those of the standard one "Tith values

                            t. .                     '
       1%,=15.42(16.04), J%,==-15.42(-16.04)

･ Atjoint 1, as the stiflhess values of members, 1-O, 1-3, and 1-4

are the same as of the standard truss, the moments of these member$

are also the same as of the standard truss. However, the stiffness

value of member, 1-2, is 3 times that of the standard truss. H.ence,

the moment of this member is also considered to be 3 times that of
the standard truss. These values are as follows:

  )L,==5.87, ]ll,==-17.20, nll,==7.77, lil,--(3.56)oOi5g --10.68

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

              .V.-M==5,87-17.20+7.77-}-10.68=:7.12

   Distributing this discrepaney to eaeh n]ember in proportion to
their stiffness values, the final moments at joint 1 ean be determined

as follows:

                                   '                                                 '                '                                                     O.60                             O.60       ILo =:5`87-(7'12) o.6o+o.ss+o.2r,+o.ls = 5'87-(7'12) 1.s7"

          ==5.87-2.31=3.56(4,93) '

                                                       '
       ]A, :- -17.20-(7.12)-Oli8s': nv- -17.20-3.27 .i 20.47(21'.41)

                                           '
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       M, = 7.77-(7.12) 212sZ :: 7.77-O.96 = 6.sl(6.73)

                  '
                        O.15       nyl2==10.68-(7112)1,ss == 10.68-O.58 = 10.10(9.75)

In the same way, at joint 2 one gets,

   ]n,=･-19.87(19.11), fiG,=78.05(7.50), Ml,i=11.81(11.61)

                                 '   At joint 3,

   11dl,,::12.30(12.43), ALtb,=:-26.26(26.60), Mk,==14.00(14.17)

   The values in braekets are the ones directly ealculated by the
Slope Distribution Method.

   When the intensity of the joint loads is P instead of unity, the

numerical moment formula (E) beeomes

         '           M;,,. == ((a'7z+b)+e'L ;]P'S?.a.X.1 lklr;,,:."

or )d;nn"'(<a'n+b)+6･-iltlp･fm.a.x.･.r:;r;:.pt"''"'"""''(G)

                                           '
   This is the general expression of the numerical moment formulae.

   When a, b and c are determined for the standard trusses, the
moments of any truss ean, be rapidly ealeulated from equation (G).

    In the following sections, there will be shown the values of a, b

and e 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 ehords.

       II. Deek Warren truss with parallel chords.
      III. Through Pratt truss with parallel chords.

      IV. Through Warren truss with polygonal ehords.

    In chord members it will be seen that for some members, the
secondary stress' es are not at their maximum when the primary
stresses are maximum, but inasmuch as the primary stress is general-

ly much larger than the seeondary stress, the total is generally a
maximum when the priniary stress is a maximum, that is, when a
truss is fully loaded. Aeeordingly, thevalues a, b and c for maximum

moments of the chord members are omitted here.
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XIe Numericar Moment FOrmulae fore Through Wareren
            Tgeuss vvith ParalleX Chords.

1･ M7o??zentselzeeto-li'zeZlLowerJbi"tLoa･as. Coeff. : -pamax.Knn
   Amax. kmn

f 3 5 v 9 f7

----
tt

Fig. 15.

Moments of Chord Members:

   M (portal e-1, lower) : (O.95 n-O.70)+2.13/at ..e･･..e..･･･e

   ]f (portal O-1, upper) ==: (O.63 n-3.00)+O.70/at ........･e････

   M (lower chord e-2, left)i (-O.95n+O.70)-2.131at ........
   M (Io"rer ehord O-2, right) --- (-O.35 n-2.50)-3.211a･t .......

   Iif (lower chord 2-4, left]) == (-O.21n+3.60)+3.28!at .........

   ]rf (lower chord 24, right) =:(-1.91 n+2.20)+4.141a･t .......

   M (lower chord 4-6, Ieft) :(-1.02n+10.60)-4.68!at........
   M (lower chord 4-6, right) -mu- (-1.50 n-2,25)--5.32!at .......

   ]f (lower ehord 6-8, left) == (O.53n+8.07)+5.321at･.o..･be･--
    M (lower chprd 6-8, right) = (-3.20 n+12.10)+5.49/at ......

   )f (lower chord 8-10, left) =: (O.02 n+13.50)-5.58!at.........

   U (Iower chord 8-10, right) == (-2.33n-O.2･3)-6.431at ......

    11f (lower chord 10-12, lefZ) = (l.OO n+13.5ES)+6.43/a･t .......

    M (lower chord 10-12, rjght) ==(-6,40n+52.60)+6.66/a･t ....

    Af (upper ehord 1-3, left) :=-= (-2.20 n+7,OO)-O,60!at ....e..･

    M (upper el'iord 1-3, right) ue:(-1.73 n-3.55)-O.161at.......

    Jf (upper chord 3-5, left)) = (O.95n+6.60)+O.12/at ....,..e･･

    M (upper chord 3-5, right) == (-2.56 n+5.40)+O.OOIat.......
    Ati- (upper ehord 5-7, left) ==(-O.50 n+14.00)-O.151a･t .......

    M (upper chord 5-7, right) =(-2.65n+O.50)-O.OOIa･t ....,.
    M(upper chord 7-9, left) == (l,50n+8.70)+O.OO!at ......･...
    Aif (upper ehord 7-9, right) rr (-4.10 n+18.60)+O.OO!a･t..,...

    ]f (upper chord 9-11, left) = (O.56 n+16.22)-O.OO!at .....,..

    M (upper chord 9-11, right) = (-5,45 n+31.90)-O.OOIa･t.....

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19>

(20)

(21)

<22)

(23)

(24)

<
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Moments of Web Members:
   M (diagonal 14, upper) =:(1.08 n-2,90)-O.e31at ............

   M (diagonal 14, lower) -- (O.75 n-4.30)+O.221a･t ... ........

   M (diagonal 4-5, lower) -ny (1.50 n-opt.90)+O.27!at .....,......

   M (diagonal 4-5, upper) == (1.00n-7.00)+O.15/a･t............
   M (diagonal 5-8, upper) x= (1,16 n-7.00)+O.OOIa･t....･........

   M (diagonal 5-8, lower) =- (O.78 n-7.10)+O.03'lat ............

   M (diagonal 8-9, lower) ;= (1,30 n-9.70)+O.oslat .........,..

   M (diagonal 8-9, upper) -- (O,90n-10.00)+O.OOIa･t.,.........

   M (diagonal 9-12, upper) == (1.39 n-12.32)+O,OOIat ..........

   M (diagonal 9-12, lower) == (O,79 n-10.65)+O.OOIa･t ....,.....

   M (sub-vertieal 1-2, upper) =: (O.49 n-1.10)-O.0751at '........

   M (sub-vertical 1-2, lower) = (O.56 n -1.1O)-O.0751at 1.......

   M (sub--vertical 3-4, upper) -op-=-e (O.78n-3.05)+O.0451at ..,.....

   III' (sub-vertical 3-4, Iower) =: (O.68 n-2.55)+O.045/at ........

   M (sub-vertieal 5-6, upper) --- (O.90 n-5.40)-O.OO/at .........

    M (sub-vertical 5-6, Iower) =(O.97n-5.82)-O.OOIat .........

    M (sub-ivertieal 7-8, upper) =: (1.15 n---9.20)+O.OO/at .........

    M (sub-vertieai 7-8, lower) == (1.len-8.80)+O.OOIat .........

    .M (sub-vertical 9-10, upper) -dn (1.25 n-12,50)-O.OO/at .......

    M (sub-vertical 9-rlO, lower) -ny (1.33 n-13.30)--O.OO/at ,......

    M (sub-vertieal 11-12, upper) =:(1.37 n-16.44)+O.OOIat ......

    ]f (sub-vertical 11-12, loNNrer) ==: (1.28 n-15,36)TlmO.eOlat ......

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

2. Moments due to Pull Llppe7' ･Joint Loa･ds. Coeff.
: pamax. Kmn
   Amax. kmn

f 3 5 9 9 r7

Fig. 16.

Moments of Chord Members:

   M (portal O-1, lower) == (O.95 n-O.70)+O.511a･. ,...........･.

   M (portal O--1, upper) == (O.63 n-3.eO) +2.16!a･, ............･.

   M (lower chord O-2, left) =: (-O.95 n+O.70)-O.511a･. ..,.....

(47)

(48)

(49)
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                   '   ]T (lower chord O-2, right) -k (-O.35 n-3.00)+O.l5/a, .....

   M (lower chord 2-4, left) =(-O.21n+4.10)-O.24/a. ......
   M (lower chord 2-4, right) -- (-1.91 n+2.20)-O.12/a. ..;;.

   M (lower chord 4-6, left) ==.(-l.02n+10.60)-O.221a. ..".

   M (lower chord 4-6, right) = (-1.50n-2.25)-O.075/a. ....
   M (lower,chord 6:8, left) == (O.53. n+8.07)+O.0751a. .....･..

   M (lower chord 6-8, right) = (-3.20 n+12.10)+O,OO/a, ....
   M (lower chord 8-10, left) == (O.02 n+13.50)+O･OOIa. ......

, M(!owerchord8-10,right)::(pr2.33?zrwO.25)+O.OO/es.....
   M (lower chord 10-12,,left) ==: (1.00 n+13,55)+O.OOIa. .....

   M- (lower chord 10-12, right) -mu--- (-6,40 n+52.60)+O.OO/a. ,.

   M (upper ehord 1-3, left) -im- /- (--2.20 n+7.00)-3.34!a. ......

   M (upper ehord.1-3, right) "N---, (, -1.73 n-3.55)-5.471a......

   M (upper chord 3-5, left) = (O.95 n+6.60)+5.52!a. ...L....

   M (upper chord 3-5, nyight) :(-2.56n+5.40)+6.66/a.....,
   M (upper ehord 5-7, left) ::(-O.50 n+14.00)-6.841a, .....
                                                      '   ]f (upper ehord 5-7, right) -pm-= (-2.65 n+O.50)-7.351a･. .....

   M (upper chord 7-9, left) --th4 (1.50 n+8.70)+7.35/a.........

   M (upper ehord 7-9, rJ'ght) ==(-4,10n+18.60)+7.50!a.....
   M (upper chord 9-11, left) = (O.56n+16.22)---7.501a. .,....

   M (upper choxd 9-11, right) F:(-5.45 n+31.90)-7.92/a. ..

      '                     '     '                                        'MomentsofWebMembers: '
    M (diagonal 1-4, upper) == (1.08 oz-2.9e)+O.99/a. ..........

    M (diagonal 1-4, lower)==(O.75oz-4.35)+O,43/a. ..........

   M (diagonal 4-5, lower) = (1.50 n-5.90)-O.031a. ..........

   M (diagonal 4-5, upper) == (1.00 n-7.00)+O.12!a. ..........

    M (diagonal 5-8, upper) :(1.16 n-7.00)+O.06/a. ..........
   M (diagonal 5-8, lower) -thth･ (O.78 n--7.10)+O.OOIa. ..........

   M (diagonal 8-9, lower) :(1.30n-9.70)+O.OOIa, ..........
   M (diagonal 8-9,' upper) = (O.90 n-IO.OO)+O.OOIa. .........

    M (diagonal 9-12, upper) == (1.39 n-12.32)+O.OO/a. .......-.

    M (diagonal 9-12, lower) -mu (O.79 n-10.65)+O.OO/a, ...,....

    M (sub-vertical 1-2, upper) ==: (O.49 n-1.10)+O.19!a, .......

    M (sub-vertieal 1-2, lower) == (O.56 n-1.10)+O.09/a. .......

    M (sub-vertieal 3-4, upper) = (O.78 n-3.05)-O.0451a. ......

    If (sub-vertieal 3-4, lower):= (O.68 n-2.55)-O.061a. .......

    M (sub-vertical 5-6, upper) --- (O,90 n=--5.40)+O.OOIa, .......

    M (sub-vertical 5-6, lower) = (O.97 n-5.82)+O.OO/a. .......

    M (sub-vertieal 7-8, upper) .ko (1.15 n-9.20)-O.OOIa, .......

    M (sub-vertical 7-8, lower) =.(1.10n-8.80)-O.OO!a. .......

,
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(50)

(51)

(52)

(55)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81).
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(85)
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(87)

(88)
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Ait (sub-vertical 9-10,

M (sub-vertical 9-10,

M (sub-vertieal 11-12,

M (sub-vertieal 11-12,

upper) = (1.25 oz･---12.50)+O.OOIa. .

Iower) == (1.33 n-13.30)+O.OOIa. .

 npper) =(1.37n-l6.44)-O.OO/a,
 lower) =(1.28n-15.36)-O.OO/a.

.

.

.

.

.

.
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.
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e

(89)

(90)

(91)

(92)

3. ]fuxinzze77zth7n.ents(luetoLiveLoads. Coefif.

       735 or

: parnax. K,"n

   Amax. le7mb

9 17

6sv

1

                            Fig. IZ

Moments of W'eb Members:

   M (diagonal 14, upper) = (1.08 oz-2,S,O)+O.271at ....

   M (diagonal 14, lower) :(O.62n-1.62)+O.t8551at ...

    Adi (diagonal 4-5, lower) = (1.50 n-5.53)+O.70!at ....

   M (diagonal 4-5, upper) = (1`OOn-4.55)+O.105/at ...
   M (diagonal 5-8, upper) -ma- (1.00 n--4.90)+O.031at ....

   M (diagonal 5-8, lower) == (O.70n-4.10)+O.36!at ....

   M (diagonal 8-9, lower) =: (1.28 n-8.30) +O.39!at ....

   M (diagonal 8-9, upper) --- (O.74 n-5.10)+O.075/at ...

   M(diagonal 9-12, upper) = 5.97+O.OOIat(n == 12) ....
   M (diagonal 9-12, lower) = 2,70+O.3651at(n = 12) ...

   nl (sub-vertieal 1-2, upper) == (O.49 n--1,12)-O.04/at .

   M (sub-vertjeal 1-2, lower) -la (O,56 n-1.10)-O.e61at .

   Jl" (sub-veTtical 3-4, upper) -im (O.78 n-2.75)+O.09/at .

   M (sub-vertieal 3-4,･ lower) = (O,68 n-2.35)+O.181at .

   M (sub-vertical 5-6, upper) =: (O.85n--4.15)-O.03!at .

   M (sub-vertical 5-6, lower) -im (O.91 n-4.40)-O.0451at

   ]f (sub-vertical 7-8, upper) == (1,07 n-6.61)+O.091at .

   M (sub-vertieal 7-8, lower) = (1.01n-6.30)+O.20/at .

    M (sub-vertical 9-10, upper) == (O.98 n--7.00)-O.03/a･t

   M (sub-vertieal 9-10, lower) = (1.04 n---7.50)-O.Ot51at

    M (sub-vertical 11-12, upper) = 3.41+O,09/at(n == 12)

   M (sub-vertieal 11-12, lower) == 3.27+O.181at(n = 12)
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(93)
(94)
(95)
(96)
(97),
(98)
(99)
(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

e
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                                     ･ Pa'ihax. ffmn
4. thments d'tee to a Single Load. Coeff
                                    '' Amax.lemn

1 3 5 9 9 rr

+--

Fig. 18.

 Moments of Chord Members:

     M (portal O-1, lower)(load at joint 2) == 1.70+2.02/at .......

     1lf' (portal Gl, upper)(load at joi!]t 2) --'- -3.30+O.78/at ....

                       (load at joint 4) :2･90 ･･e･e･{･･ee･ee
     ]f (lower chord O-2, left)(Ioad atjoint 2) =: -1.70-2.02/at ...

     ]f (lower ehord O-･2, right)(load atjoint 2) = --4.55-3.041at .

     M (lower ehord 2-4, Ieft)(load atjoint 2) == 4.40+3.04/at .....

     M (Iower chord 2-4, right)(load atjoint 2) -- O.85+2.581at ...

                           (load atjoint 4) -"th' -7･30 .･e･'･･e･e

     M (Iower ehord 46, left)(load atjoint 4) =:7.00 ...,......e.e

. (Ioad atjoint 6) == -3.80-3.11!at ...
     M- (lower chord 4-6, right)(load atjoint 6) = -11.70-4,381at.

     M (lower ehord 6-8, left)(load atjoint 6) = 11.90+4.401at ....

     ]f (Iower chord 6-8, right)(load at joint 6) = 2.15+3.101a･t....

                           (load atjoint 8) = -13.80 ........
                           (load at joint 10) == -O.15 +2,49/at.

     1lf" (lower ehord 8-10, left)(load atjoint 6) = O.70-2.47/at ....

                           (load atjoint 8) =: 14.20 .･.･･･eee･o

          ' (load at J'oint lO) == -4.10---3.391at .
     jf (lower chord 8-10, right)(load atjoint10) = -17.80-5.08/at

     ]f (lowerehord10-12,left)<load atjoint10) = 17.80+5.13fat ..

     Jf (lower chord 10-12, right)(load atjoint 10) -h 3.10+3.60/at .

                       (load atjoint 12) == -16･55 e･･･e･e･･･e-

                       (load atjoint 14) == ---O.35+2.71/at ......

     If (upper chord 1-3, left)(Ioad atjoint 2) =: 3.00-O.36!at .....

                       (load atjoint 4) = --5.05 ..............
     A`r (upper chord 1-,3, right)(load atjoint 4) == -11.15 ......,.

     nf (upper chord 3-5, left)(Ioad at joint 4) == 11.00 .........,.

(115)

(116)

(117)

(118)

(119)

(120)

(121)

(122)

(123)

(124)

(125>

(126>

(127)

(128)

(129)

(130)

(131)

(132)

(133)

(134)

(135)

(136)

(137)

(138)

(139)

(140>

(141)

e
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   M (upper chord 3-5, right)(load atjoint 6) = -13.25-O.0751at

   M (upper ehord 5-7, left)(load atjoint 6) = 13.60-O.0751at ...

   M (upper chord 5-7, right)(load atjoint 8) = -18.35 ........

   A`t (upper chord 7-9, left)(load atjoint 8) = 18.40.........･..

   Al (upper ehord 7-9, right)(Ioad atjoint 10) =: --19.25 -O.O151at

   nf (upper ehord 9-11, Ieft)(load atjoint 10) == 19.45+e.O151at.

   ]f (upper chord 9-11, right)(Ioad atjoint 12) :: -21.00 ......

Moments of Web Members:
   lf (diagonal 1-4, upper)(load at joint 2) -- O.30-O.39/at ....,.

                      (load atjoint 6) = l.50+O.361at ....･e･･
   Af (diagonal 1-4, lower)(Ioad atjoint 2) == -O.75-O.61/at ....

                      (]oad atjoint 6) ==: 1.80+O.811a･t .･eee･e-

   nf (diagonal 4-5, lower)(load at joint 2) == -O.30-O.43/at ....

                      (load atjoint 6) =:1.57+O.67/at .....･e･

   M (diagonal 4-5, upper)(load atjoint 2) -ld -O.6S-O.20/at ....

                      <load atjoint 8) == 2･20 eee･e･･･e･･･e･e.

   "f (diagonal 5-8, upper)(load atjoint 4) == --O.45 ............

                      (load atjoint 10) =: 1.25+O.18/at .......

   ]f (diagonal 5-8, lower)(load atjoint 6) == -O.75-O.31/at ....

                      (load at joint 10) == 1.25+ O.37/a･t .......

   M (diagonal 8-9, lower)(load atjoint 6) == --O.72-O.311at ....

                      (load atjoint 10) =' 1.25+O.37/at...,....

   M (diagonal 8-9, upper)(load atjoint 6) == -O.95-O.15/at ....

                      (load atjoint 12) ･in-: 1.25 ..,..,.,.......

   M (diagonal 9-12, upper)(load atjoint 8) == -O.90 ....,......

                      <load atjoint 14) = 1.45+O.16/at ..･e･･g
   M (diagonal 9-12, lower)(load atjoint 10) == -O.95-O.34/at ..

                      (load atjoint 14) = 1.20+O.341at .......
   ]f (sub-vertieal 1-2, upper)(load atjoint 4) = 1.00 .......,...

   M (sub-vertical 1-2, lower)(load atjoint 4) : 1.10 ...,.....,.

    nt (sub-vertical 3-4, upper)(load atjoint 2) -- -O.25-O.0451at.

                      (load at jojnt 6) == 1.35, + O.09/at ......･d

   M (sub-vertieal 3-4, lower)<load atjoint 2) == -O.23-O.11/at..

                      (load atjoint 6) == 1.25+O.161at ........

   If, (sub-vertieal 5-6, upper)(load at ioint 4) == -O.60 .,.......

                      (load atjoint 8) == 1.35 ................

   ]f (sub-vertieal 5-6, lower}(Ioad atjoint 4) = - O.60 .........

                      (load at joint 8) = 1.40 ..,........,.,.,
    U (sub-vertical 7-8, iipper)(load at ,joint 6) -h -O.95-O.0751at.

                      (load atjojnt 10) = 1.50+O.10/ctt .......

(142)

(143)

(144)

(145)

(146)

(147)

(148)

(149)

(.150)

(151)

(152)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

(165)

(166)

(167)

(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175'}

(176)

(177)

(178)

(179)

(180)
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]f (sub-vertieal 7-8, lower)(Ioad atjoint 6) == -O.95-O.15/at.. (181)

                 .(load atjoint 10) == 1.50+O.18fat ....... (182)
M (sub-ver'tieal 9-10, upper)(load atjoint 8) = -1.20 ....,... (183)

                 (load atjoint 12) = 1･40 -･･e･eee･･････o (184)
]f (sub-vertical 9-10, lower)(load atjoint 8) == -1.10 ........ (185)

                 (load atjoint 12) = 1.60 `･･･e･･･ee･･-･e (186)

jf (sub-vertieal 11-12, upper)(load atjoint10) = -l.35-O.091at (187)

                 (load atjoint 14) imm 1.35+O.09fat ･eee.･e (188)

]f (sub-vertical 11-12,lower)(load atjoint10) =: -1.30-O.18!at (189)

               , (load atjoint 14) = 1.30+O.181at ....... (190)

   XXX. Numericai Mement Focmulae few Deck Warren
              TruSs vvith Parallel Chordis.

1. jlfoments cliee to ,li'tell I]IPpeo- Joi7tt Loacls <except Oi a･na Ol)

   coeff.: pa'max. Klnn

   ' Arriax.kmn

of 3 5 7 9 n

G-hS

Fig. 19.

Motnents of Chord MeMbers:

   M (lower chord O-2, left) :(-1,15 n+O,58)-O.40fa. ........
   ]f (lower chord O-2, right) == (-O.42 n---2.43)-O.131a. .......,

   M' (lower chorq 2-4, left) = (-O.18 n+3.63) + O.04/a. ........

   'jt (lower chord 2-4, righO == (-1.80 n+ 2.10)-O.e6/a. .......

   M (lower ehord 4-6, left) = (-1.21 n+10.80)-O.21/G. .......

   M (Iower chord 4-6, right) == (-1.50 n-2.25)-O.075/a. ......

   M (lower ehord 6-8, left) = (O.53 n+8,07)+O.075/a. .........

   M (lower chord 6-8, iight) == (-3.20 n+12.10)+O.OO/a. ......

   ]f (lower ehord 8-10, left) -h (O.02 n+13.50)+O.OOIa. ........

   M (lower chord 8-10, right) = (----2.33 n-O.25)+O.OOIa, ......

   M (lower ehoi'd 10-12, left) = (1.00 n+13.35)+O.OO/a. .......

(191)

(192)

(193)

(194)

(195)

(196)

(197)

(198)

(199)

(200)

(201)
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M (lower chord 10-12, right) = (--6.40 oz +52.60)+O.OO/a.

M- (upper chord Oi---1, lefV == (-O.39 n + O.23)+ Q.101a. ...

]f (upper ehord Orl, righV =:(-O.91 oz---O.90)+1.03/a, ..

M (upper chord 1-3, left) =:(--1.66 n +7.40)-3.821a. ....

M (npper chord 1-3, right) = (-1.58 n-2.85)-5.65!a, ..
M (upper chord 3-5, left) -m (O.83 n+5.70)+5,701a. ..,...

M (upper chord 3-5, right) -in (-2.56 n+5.40) +6.66/a. ..

M (upper chord 5-7, left) :== (-O.50 n +14.00)-6.84/a. ...

M (upper chord 5-7, right) = (-2.65 n+O.50)-7.35/a....

M (upper chord 7-9, left) = (1.50n+8.70)+7.351a. ......

M (upper chord 7-9, right) == (-4.10n+18.60)+7.50/a. .

M" (upper ehord 9-11, left) =: (O.56 n+16.22)-7.501a. ....

M (upper ehord 9-11, right) == (-5.45 n+31.9)-7.92/a. .

.
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.
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(202)

(203)

(204)

(205)

(206)

(207)

(208>

(209)

(210)

(211)

(212)

(213)

(214)

at

Moments of Web Members:
   M (diagonal O-1, lower) == (O.83 n-O.43)+O.48/a, ...........

   M (djagonal O-1, upper) == (O.,85 n-2.80)+1.781a. ...........

   M (diagonal 1-4, upper) "--- (1.20 n-2.60)+O.84/a. .......-･.e

   M (diagonal 14, lower) == (O･83 n-4.45)+O.361a. ...........

   AiZ- (diagonal 4-5, lower) = (1.50n-5.90)-O.03/a, ...........

   M (diagonal 4-5, upper> == (1.00 n-7.00)+O.12fa, .....･･e･.･

   M (diagonal 5-8, upper) == (1.16 n-7.00)+O.06/a. ......e･･..

   ]f (diagonal 5-8, lower) =: (O.78 n-7.10)+O.OO/a. ......-e･･･

   nf (diagonal 8-9, lower) =: (1.30 n-9.70) + O.OOIa. ...........

   ]f (diagonal 8-9, upper) -- (O.90 n-1'O.OO)+O.OOIa. ..........

   M (diagonal 9--12, upper) == (1.39 n-12.32) +O.eO/a. .........

   M (diagonal 9-l2, lower) = (O.79 n-10,65)+O.OOIct...........

   M (sub-vertical OrO, upper) === (O,39 n-O.23)-O.101a. ........

   M (sub-vertical OrO, lower) == (O.32 " -O.15)-O.08/a. ........

   M (sub-vertical 1-2, upper) == (O.52 n-1,10)+O.171a. ........

   Jf (sub-vertical 1-2, lower) =: (O.60 n-1.20) +O.09/a. .........

   ]f (sub-vertieal 3-4, uppev) == (O.75 n-2.85)-O.C45fa･. .......

   M (sub-vertieal 3-4, lower) == (O.68 n-2.55)-O.06/a. .........

   If (sub-vertieal 5-6, u}]per) = (O.90 n-5.40) + O.OOIa･. .........

   ]f (sub-vertical 5-6, lower) == (O.97 n-5.82) + O.OOIa. .........

   Af (sub-vertical 7-8, upper) = (1.15 n-9.20)-O.OOIa. ........

   M (sub-vertical 7-8, lower) = (1,10 n-8.80)-O.OOIa..........

   M (sub-vertical 9-10, upper) = (1.25 n-12.50)+O.OC)/ct･. .......

   M (sub-vertieal 9-10, lower) =e (1.33 n-13.30)+O,OOIa, .......

   ]d' (sub-vertical 11L12, uppel) -- (1.37 n--16.44)-O.OO/a, .:...

   M (snb-vertical 11-12, lower) -- (1.28 n --15,36)-O,OOIa. ......

(215)

(216)

(217)

(218)

(219)

(220)

<221)

(222)

(22b))

(2,24)

(225)

(226)

(227)

(228)

(229)

(230)

(231)

(232)

(233)

(234)

(235)

(236)

(237)

(238)

(239)

(240)

it
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2. Momentsdteeto-P'ztllLowe?'Jbi72tLoads. Coeff.: P
arnax. Kmn

Amax. lemn

t

ef 7 3 5 v 9 7?

G""5
e

ti, 12

                            Fig. 20.

Moments of Chord A･Iembers:

   jf (lower ehord O-2, left) =(h-1.15n+O.58)-2.20/a, ........

   M (lower ehord O-2, right) := (-O.42 n-2.43)-3.411at .......

   M (Iower ehord 24, left) = (-O.18 n+3.63)+3,481at ........

   M (lower chord 2-4, right) = (-1,80 n+2.10)+4.11/at .......

   M (lower chord 4-6, left) ==(-1.21 n+10.80)-4.631a,t .......

   M (lower cbord 4-6, rjght) =(-1.50 n-2.25)-5.321at .......

   M (lower chord 6-8, left) == (O.r)3 n+8,07)+5,32/at ....,.....

   M' (lower ehord 6-8, righO == (-3.20 n + 12.10) +5.49/at ......

   M (lower ehord 8-10, left) = (O.02 n+13.50)-5.581at ........

   M (lower ehord 8-10, rjght) == (-2.33 n-O.25'))-6.431at ......

   .M" (lower chord 10-12, left) = (1.00 n+13.55)+6.45'/at .......

   M (lower ehord 10-12, right) :=-:L (-6.40 n+52.60)+6.66/a･t ....

   Aif (upper chord Oi-1, left) -- (-O.39 n+O.23)-O.10/a,, .......

   M (upper chord Orl, right) == (-O.91 ez- O.90)-O.21/at ......

   M (upper chord 1-3, Ieft) ==(-1.66 n+7.4e)-O.491at ........

   ]f (upper cl]ord 1-3, right) == (-1.58 n-2.85)-O.151at.......

   M (upper ehord 3-5, Ieft) == (O.83 n+5.70)+O.121at ..........

   ]f (upper ehord 3-5, right) == (-2,56 n+5.40)+O.OOIat ......

   Af (upper chord 5-7, left) = (-O.50 n+14.CO)-O.151at .......

   M <upper ehord 5-7, right) == (.-2.65 n+O.5e)-O.eOlat.......

   M (upper chord 7-9, left) == (1.50 n+8.70)+O.OOIat ..........

   M (upper ehord 7-9, right) -- (-4.10 n+ 18.60) +O.OOXa･t ......

   M (upper ehord 9-ll, left) =-L (O.56 n+16.22)-O.OO/at ........

   M (upper chord 9-11, i'ight) = (-5.45 n+31.9)-O.OOIat ......

Moments of Web Members:
   jf (dgagonal O-1, lower) = (O.83 n-O.43)+2.02/at............

   ]f (diagonal O-1, upper) == (O.85n-2.80)+O.76/at ....,......

(241)

(242)

(243)

<244)

(245)

(246)

(247)

(248)

(249)

(250)

(251)

(252)

(253)

(254)

(255)

(256)

(257)

(258)

･(259)

(260)

(261)

(262)

(263)

(264)

(265)

(266)
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Jt (diagonal 1-1, upper) =: (1,20 nr2.60)+ O.OOIat ...........

]f (diagonal 1-l, lower) = (O.83 n-4.45)+O,24/at............

M (diagonal 4-5,lower) == (1.50 n-5.90)+O.24/at ............

M (diagonal 4-5, upper) == (1.00 n-7.00)+O.151at ...........

.ild- (diagonal 5-8, upper) -- (.l,16 n-7.00)+ O.OO/at ...........

M (diagonal 5-S, Iower) = (O.78 n-7.10)+O.03fat ............

Jf (diagonal 8-9, lower) = (1.30 n---9.70)+O.06/at ............

M (diagonal 8-9, upper) == <O,90 n--10.eO)+O.OOfa, ..........

3f (diagona] 9-12, upper) =.(1.39n-12.32)+O.OOIat..........

M (diagonal 9-12, lower) ==, (O.79 n-10.65)+O.OO/at ..........

]f (sub-vertical erO, upper) =: (O.39 n-O,2b') + O.10/at ........

].rf (sub-vertieal OrO, lower) ==: (O.32 n-O.15)+O.18/a･t ,.......

M (sub-vertical 1-2, upper) --'-- (O.52 n-1,10)-O.061at .........

M (sub-vertical 1-2, lower) = (O.60 n-1.2e)-O.0751at ........

M (sub-vertical 3-4, upper) == (O.75 n-2,85)+O.03/at .........

]f (sub-vertieal 3-4, lower) ==: (O.68 n-2.55)+ O.045/at ........

fif (sub-vertical 5-6, upper) ---- (O.90 n-5.40)-O.OO/at .........

M (sub-vertiea.1 5-6, lower) = (O.97 n-5.82)-O.OO/at .........

]f (sub-vertieal 7-8, upper) -"-- (1.15 n-9.20)+O.OO/at .........

Af (sub-vereieal 7-8, lower) --- (1.10 n-8.80)+O.OO/at .........

M (sub-vertieal 9-10, upper) -he (1.25 n--12.50)-O.OO/qt .......

jf (sub-vertical 9-10, lower) = (t.33 n-13.30)-O.OOIat .......

]t (sub-vertical 11-12, upper) =: (1.37 n -16 .,44) + O.eO/at ......

]f (sub-vertical 11-12, lower) == (1.28 n--15.36)+O.OO/at ......

(267)

(268)

(269)

(270)

(271)

(272)

(273)

(274)

(275)

(276>

(277)

(278)

e79)
(280)

(281>

(282)

<283)

(284)

(285)

(286)

(2S7)

(288)

(289)

(290)

3. jtitt:vimzem]itbnzentsclteetoLiveLoacls. Coeff,
: plli'."xx;.rlll,ll,:t#i

ff 9 r

GpttsbM

Fig. 21.

Moments of IVeb Met[nbers:

   ]f (diagonal O-1, Iower) == (O.83 o't･-O.43)+ O.481a. .........

   ]1 (diagonal O-1, upper) == (O.85 o?,-O.60)+1.751a･. ......･..

... (291)

... (292)
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M (diagonal 1-4, upper) = (1.20n--2.60)+O.84/a, ......

M- (diagonal 1-4, lower) := ･(O.66 n---1,70)+O.0751a. ......

M (diagonal 4-5, lo"Ter) -ny (1.50 n-5.50)+O.06/a. .......

M (diagonal 4-5, upper) =:'(1.13 n-5.60)+O.701a. ......

M (diagonal 5-8, upper) == (1,OOn--4.90)+O.371a. ..,...

M (diagonal 5-8, lower) ---- (O.70 n-4.10)+O.03fa. .......

Ad- (diagonal 8-9, lower) == (1.2S n-8,30)+O.06/a, ......

if (diagonal 8T9, upper) =: (O.74 n---ti5.10)+O.371a, ......

M (diagonal 9-12, upper) == 5.97+O.391a.(n = 12) ......

M (diagonal 9-12, lower) -ny 2.70+O.09/a,(n =: 12) ....,..

]f (sub-vertieal OrO, upper) -- (O.39 n-O.23)-O.10/a. ...

M (sub-vertical OrO, lower) ==: (O.32 n-O.15)-O.081a, ....

M (sub-vertieal 1-2, upper) == (O.52 n-1.10)+O.171a, ....

M (sub-vertieal 1-2, lower) -`---- (O.60 n-1.20) +O.09/a. ....

Of (sub-vertical 3-4, upper) =:(O.73 n-2.35)-O,e451a. ..

M (sub-vertical 3-4, lower) ---- (O.65 n-2,15)-O.045/a. ..,

M (sub-vertieal 5-6, upper) ---･ (O.85 n-4.15)+O.18/a. ...

M <sub-vertieal 5-6, lower) == (O.91 n---4.40) +O.09fa. ....

M (sub-vertical 7-8, upper) =: (1.07 n-6.61)-O.06/a. ...

M (sub-vertieal 7-8, lower) =- (1.01 n---6.30)-O.O151a, ...

M (sub-vertical 9-10, upper) =:(O.98 n-7.00)+O.18!a. ..

M (sub-vertical 9-10, lovL'er) == (1.04 n---7,50)+ O.e9/a･. ...

M (sub-vertieal 11-12, upper) = 3.41-O.051a.(n ---- 12>...

if (sub-vertieal 11-12, lower) = 3.27-O.031a.(n = 12) ...
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(293)

(294) ･

(295)

(296)

(297)

(298)

(299)

(300)

(301)

(302)

(303)

(304)

(305)

(306)

(307)

(308)

(309)

<310)

(311)

(312)

(313)

C314)

(315)

(316)

4. Mo7nents due to a Single･Load. Coeff.
: pamax. Kmn
   Amax. femn

i

                          Fig. 22.

Moments of Chord Members:

   M (lower chord O-2, Ieft)(load at ,joint 1) = -2.48 .....
                     (load atj6int 3) =: ---1.65-O.39/a･.

   M" (loWer chord O-2, right)(load atjoint 1) =: -4.80 ...
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'

M (lower chord 2-4, left)(load atjoint 1) = 4.50 .............

M (lower chord 2-4, right)(load atjoint 3) = -7.30-O.OOIa. .

M (lower ehord 4-6, left)(load atjoint 3) == 7.05-O.09/a. .....

M (Iower chord 4-6, right)(load atjoint 5) = -12.00 ........

M (lower ehord 6-8, left)(Ioad atjoint 5) == 11.75 ............

M (lower chord 6-8, righD(load at joint 7) == -14.40-O.OO!a. .

M (lower chord 8-10, left)(load atjoint 7) == 14.20+O.OO/a, ...

M (lower ehord 8-10, right)(Ioad atjoint 9) == ---17.80........

If (lower chord 10-12, left)(load at joint 9) =: 17,80 ..........

)t (lower chord 10-12, right)(Ioad atjoint 11) = -16.55-O.O151a.

M (upper chordOrl, right)(load atjoint 1) : -4.20.........

                  (Ioad atjoint 3) = -O.15+1.CO/a. ."...
M (upper chord 1-3, Ieft)(Ioad atjoint 1) = 5.05 .............

                  (load atjoint 3) = -5.eO-3.66/a. ......
M (upper ehord 1-3, right)(load atjoint 3) == ---11.40-5.04fa,.

]f (upper ehord 3-5, left)(load atjoint 3) == 11.10+5,04/a. ....

                  (Ioad atjoint 7) := 2.00+ O.75/a. .......e

lf (upper chord 3-5, right)(load atjoint 3) -t-- 1.50+3.75/a, ...

                  (load atjoint 5) := -13.00 ......･..･･･e

                  (load atjoint 7) = O.50+2.671a, ........
M (upper chord opt-7, left)(load atjoint 3) -va i.10-2.64/a, ......

                  (load atjoint 5) -- 13.50 .`･ee-･`･･･d･ea

                  (load atjoint 7) = -5.00-t").901a, ..,...

M (upper chord 5-7, right)(load atjoint 7) =: --18.40-5.731a..

M (upper chord 7-9, left)(load at joint 7) == 18.40+5.731a･. ....

M (upper ehord 7-9, night)(load at joint 7) = 3,OO+4-.02fa. ...

                  (load atjoint 9) imla"' -19･35 -.g･e･･e･･e･e

                  (load atjoint 11) :== ----O.40+3.151a･. .....

]t (upper ehord 9-11, left)(load at joint 7) == C.33-3.25/ce. ....

            , (loadatjoint9)=19.50.-o..･.･･･e･･･e
                                    la                  (load at joint 11) := -3.35-4.17!a. .....
M (upper chord 9-11, right)(load atjoint11) == -21.20-6.21fa.

(320)

(321)

(,9,22)

(323)

(324)

(325)

(326)

(327)

(328)

(329)

(330)

(331)

(332)

(333)

(334)

(335)

(336)

(337)

(338)

(339)

(340)

(341)

(342)

(343)

(344)

(345)

(346)

(347)

(348)

(349)

(35e)

(351>

Moments of Web Members:
                             i
   ]d' (diagonal O-1, Iower)(load atjoint 1)

                      (load at joint 3) ==

   M (diagonal O-･1, upper)(Ioad atjoint 1)

                      (load atjoint 3) =
   ]t (diagonal 1-4, upper)(load atjoint 3)

   M (diagonal 1-4, lower)(load at joint 1)

                      (load at joint 5) =:

-h 1･65 ..･･e･.e,･.e･-

1･35 + O･461ae ･･････ee

 = in2･e5 ･･e･e･･････{

2･95 + 1･681ctc o････ee-

== 1.30 +O･79/ac ････ee

 = keO･52 ･･'e ･e･･･････

1･80 ･･･e-e･-････n･･･

(352)

(353)

(354)

(355)

(356)

(357)

(35S)
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  M (diagonal 4-5, lower)(load atjoint 1) = -O.32 .........,..

                    (load atjoint 7) = 2.15+O.311a･. ..,.･b･･

  M (diagonal 4-5, upper)(load atjoint 3) == -1.00-O.631a, ....

             ･ (loadatjoint7)-'mm'2.20+O.70fa.........
  M (diagonal 5-8, upper)(load at joint 3) -- -O.45-O.30fa, ...,

                    (load atjoint 7) := 1.00+O,361a. ........
 iJf (diagonal 5-8, Iower)(load atjoint 3) =: -O,70-O.14/a. ....

                    (load atjoint 9) == 1･25 ee-･････････eoe･

  M (diagonal 8-9, lower)(Ioad atjoint 5) = mO.70 ............

                    (load atjoint 11) = 1.40+O･18fac eeeeeee
  M Cdiagonal 8-9, upper)(Ioad atjoint 7) --"- -O.95-O.341a. ....

                    (load atjoint 11) -im 1.25+O.36fa. ......e

  M (diagonal 9-12, upper)(load atjoint 7) == -O,90-O.33fa. ...

                    (load atjoint 11) =: 1.30+O.36/a. .......

  M (diagonal 9-12, lower)(load atjoint 7) =: -1.10-O.16/a. ...

                    (load atjoint 13) == 1･20 .･･e- e･ee･･-ee-･

  ]f (sub-vertical OrO, upper)(load atjoint 1) == O,95 ..........

  0f (sub-vertical OrO, lower)(load at joint 1) == O.85 ....･.....-

  Af (sub-vertical 1-2, upper)(load atjoint 3) == 1.00+O.161a. ...

, Af (sub-vertical 1-2, lower)(load atjoint 3) -ny 1.10+O.09/a. ...

  M (sub-vertical 3-4, upper)(load atjoint 1) == -O.32 .........

                    (load atjoint 5) == 1.20 e."e"eeeeeeeee

  B4- (sub-vert,ieal 3-4, lower)(load aPjoint 1) : - O,25 ........･

                    (load at joint 5) =: 1.2e .....,.･e･e･e･･e

  M (sub-vertical 5-6, upper)(Ioad atjoint EV == -O.65--O,13fa. .

                    (load atjoint 7) == 1.40+O.18/a. .eeet."･

  ]f (sub-vertieal 5-6, lower)(load atjoint 3) = -O.60--･O.07fa. .

                    (load atjoint 7) == 1.50+O.09/a. .e-･o･ee
  ]f '(sub-vertieal 7-8, upper)(load atjoint 5) == -O.95 .........

                   ul (load at J'Oint 9) :'1･50 .....ee.e-eee.･e

  ]f, (sub-vertieal 7-8, lower)(load atjoint 5) = -O.90 .........

                    (load at joint 9) == 1.50 ................

  M (sub-vertical 9-10, upper)(load atjoint 7) == -1.20-O.16fa..

                    (load at joint 11) =: 1,45 +O.18fa, .......

  ]f (sub･vertical 9-10, lower)(load atjoint 7) = -1.20-O.091a..

                    (load atjoint 11) -"mu-' 1.50+O,07fa. ..e･e･･

  .M (sub-vertical 11-12, upper)(Ioad atjoint 9) == -1.3opt .......

                    (load atjoint 13) = 1.35 .....e-･･･e････

  fif (sub-vertical 11-12, lower)(load atjoint 9) =: -1.30........

                    (Ioad at J'oint 13) == 1.30 ..･･eo･･･ee･.･b

(359)

(360)

(361)

(362)

(363)

(364)

(365)

(366)

(367)

(36S)

(369)

(370)

(371)

(372)

(373)

(374)

(375)

(376)

(377)

(378)

(379)

(380)

(381)

(382)

(383)

(384)

(385)

(386)

(387)

(388)

(389)

(390)

(391)

(392)

(393)

(394)

(395)

(396)

(397)

(398>
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5. Mb77zents d･ue to a Single Loael at ,lbiozt Oi, Coeff. : PaAMTnaaX
;.{li?kn'm-,

of

'

Fig. 23.

Moments of Chord Members:

   M qower chord O-2, left) == O.171a. ..........･････p･････････

   M (Iower chord O-2, right) = O,05fa. .......................

   M (lower chord 2m4, left) == pmO･031a. ........e････g････o･･e･

   M (lower chord 2-4, rlght) == O.02/a. .,.....................

   M (lower chord 4-6, left) := O.05/a. .........................

   M (lower chord 4-6, right) :: O.O151a. .......･･o･b･･･････..･

   M (upper ehord Orl, left) == O.30fa. ........................

   M (upper chord Oi-1, right) =: 1.38fa. ..........･･.....･...･

   M (upper chord 1-3, Ieft) = -O.68fa. .......･......･････..･

   M (upper chord 1-3, right) -ny -O.19fa. ......o･･･eee･-･･･eee

   M (upper chord 3-5, left) ---' O.18/a. e･e･o･･･････eeb･･･e･･-･･･

   M (upper chord 3'5, right) =: O.061ac e･e･o･eee･･eee･･････e･-

   jf (upper chord 5-7, left) == O.041ae -e･･･eeee･･ee･･o･･bee-''

(399)

(400)

(401)

(402)

(403)

(404)

(405)

(406)

(407)

(408)

(409)

(410)

(411)

Moments of Web Members:

   M (diagonal Ol, lower) -im '"imO.035/utc e･････e･･eeeee･･e･e"･e･

   M (diagonal O-1, upper) == -O.43/a. e･･e･･e･･･eb･-e･e･･e･･"

   M (diagonai 1-4, upper) = -an-O.22/ae ee-ee-eeeeeee.e.e.eee.'

   M (diagonal 1-4, lower) =: meO.09/a. ...-.･･.eeo.e.b･..e･.e･.

   ]t (sub-vertica] OrO, upper) -ny opO.30/a, ...･e･･･ee.･oe･-e･･･

   nf (sub-vertical OrO, lower) -- mO･14/ae ....eeee･.#ee･..･.･e

   jf (sub-vertieal 1-2, upper) == moO.e5/a. ....･ee･･e･･e.e"e･e･

   ]f (sub-vertical 1-2, lower) := 'la"="O･031ac .e.･e..･eeo･.eee..eae

(412)

(413)

(414)

(415)

(416)

(417)

<418)

(419)

di

t
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XV. Nupaerical Moment FoscmuXae forr Through Pratt
           Truss with ParalleZ Chords.

1. Mb77zents clzee to .l7'zcll Loweon Jbint Loads. Coeff,: P
'amax. -Klitn

Amax. kmn

1 3 5 w 9 -f7

G-,:5

k'g'

'

Fig. 24.

Momerits of Chord Members:
   M (portal O-･1, lower) == (1.20 n-2.15) +1.8elqt .i.,...e･･ee..

   M (portal O-1, upper) = (2,70 n-im11.30>+O.57/at.......･.:.･･

   M (lower ehord O-2, left) -th (-1.20 n+2.15)-1.80fat...-......

   M (lower chord e-2, right) == (-O.20 n-3.40)-2.40/at ,...,..

   ]f (lower chord 2-4, Ieft) -th-- (-O.42 n+4.5C)+2.421at..,･･.･..d

   M (lower ehord 2-4, right) = (-O.70 n---1.90) +1.851at .......

   M (lower ehord 4-6, left) =: (----3.15 n + 18.60) --1.25fa.t ........

   M (lower ehord 4-6, right) =r- (--3ilO n+6.6tl))-O.381at .......

   M (]ower ehord 6-8, IefL) == <---O.78 n +16.85) -+-O.30/at ...,....

   M (lower chord 6-8, right) ---- (O.54 n-23.10)+O.08/at ...,....

   M (lower chord 8-10, left) == (-3.00 n+42.80)-O.07fat ......
   M (lower ehord 8-10, right) == (L4.60 n+18.70)-O,0251at ....

  ' M (upper chord 1-3, left) == (--4.04 n+15.05)-O.421at .......

   ]f (upper chord 1-3, right) =:<-2.51 n-5.40)-O.051a･t .......

   M (upper chord 3-5, left) == (---1.45 n+21.20)+O.201at .......

   M (upper chord 3-5, right) =(-4.10n+11.80)+O.051at..;...
   M, (upper c.hgrd .5-7, lef't;> = (O.49 n+10.2p5)=O.071at'....,.L..

   M (upper chord 5-7, right) == (-4.00 ?z+li.93)-O,O151at .....
   M (upper chord 7-9, lef"t) -- (1.82 n+5.67)+O.O151at ..i...,･b

i M(upperchord7-9,right)-h(-9.00n+59.27)+O.O]lfai,....
                                           tt                                        '                                              tt                                   '                                           '                                       t.Moments of Web Members: ,
   3it (diagonal 1-4, upper) == (O.'69 n-2.13)-O.141at ..,.".,.....

   M (diagdnal 1---4, lbwer) -h (O,64 n--･3.22)-O.221a･t ...-･enit･n

   M' (diagonal 3-6, upper) = (O.69 n-2.98)+O.O151at ,.....,th..

(420)

(421)

(422)

(423)

(424)

(425)

(426)

(427)

(428)

(429)

(430)

(431)

(432)

(433)

(434)

(435)

,<436)

(437)

(438)

(439)

(440)

(44i)

(442)
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M (diagonal 3-6, lower) = (O.68 nrm4.05)+O.02o'"/at......e･..e

M (diagonal 5--8, upper> = (O.56 n-3.70)-O.OO/at o･...･･･ebe

M (diagonal 5-8, lower) == (O.52 n-4.25)-O.OO/atte..ee･･b･oe

if (diagonal 7-10, upper) =: <O.38 n-3.35) + O.OOIat .,........

flf (diagonal 7-HIO, lower) =: (O.35 n-3.60)+O.OO!at..........e

M (sub-vertical 1-2, upper) =: (O.65 n-1.57>-O.03/at ........

M (sub-vertical 1-2, lower) := <O.62 n--1,13)-O.015/ctt ..,.....

Jf (vertical 3-4, upper) == (3.27 n-12.82)-O,17/at ...........

Af (vertical 3-4, lower) == (3.21 ?z-13.40)-O.401at ,..e..e.･･,

M (vertical 5-6, upper) = (3.05 n----18.40)+O.025fat ..........

Af (vertie41 5-6, lower) -im (3.20 nmr-19･43)+ O･06/at e"eeeeee･e"e

M (vertieal 7-8, upper) = (1.80n-14.40)-O.OOfat ee"eeeee･e-

M (vertieal 7-8, lower) == (1.94n-15.50)-O.OOIat .....･e･.･･

]f (vertical 9--10, upper) =: (2,03 n-20.30)+O.OOfat ..e･.teete

lf (vertical 9-10, lower) : (2.31 n-23,10)+O.OOIat...........

(443)

(444)

(445)

(446)

(447)

(448)

(449)

(450)

(451)

(452)

(453)

(454)

(455)

(456)

(457)

2. Momentsel?,eetoPzellClppeo'JbintLoaals. Coeff.
                   N

: PcuArrX?.X.', lemn
ff7il?t

7
j,3

5 ff 9 1

x
ll

'

0 g 4 6 8 ro IZ

Fig, 25.

Momerits of Chord Members:

   M (portal O-1, lower) = 1･38nk2･30 ･e･e-e･･e･ee･･ee.･e･･･

   M (portal O-1, upper) ==' 3.00nim'9･95e..ede･e･.e-e･ee･e････"

   Jt (lower chord O-2, left) i:: -pm1･38 n+2･30 eee･･g･o･ee･･-･e･

   M (lower chord O-2, right) == "m'O･55 nin1･70 .･.e.ee.ge.･･･,･

   211' (lower chord 2-4, left) : `muO･15 nlple3･40 ..･-eA･･e.e･-.eee

    M (lower chord 24, right) -h inO･69 n+O･10 eeeeoe･e･eb･･･ee

   nf (Iower ehord 4-6, left) --"ny mmp3.35 n+16･09 ..e･･..ee.e"･･e.e

    M (lower chord 4--6, right) =: ptme3.10 n+2･80 .eeebeeeee････v･

(458)

(459)

(460)

(461)

(462>

(463)

(464)

(465>
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di Sakai.

M (Iower chord 6-8, Ieft) ti -1.24 n+ 22.73 .................

M (lower chord 6-8, right) = O.54 n-22.7tt) .................

M (lower ehord 8-10, left) == -3.89 n+4E}.45 ................

M (lower chord 8-10, right) = --45.00(n == 10) ..............

M (upper chord 1-3, left) =: -4.44 n+13.70 ................

M (upper chord 1-3, right) : -2.83 n-5.0e .....L..........

M (upper chord 3-5, left) =; ---1.82 fb+23.8:)' ................

M (upper chord 3-5, right) == --3.eO n+O.OO ................

M (upper chord 5-7, left) := -1.33 n+26.38 ................

M (upper chord 5-7, right) = --4.00 n+S.Oe ................

M (upper chord 7-9, left) =: O.95 n+16.90 ...............･,･･

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

(466)

(467)

(468)

(469)

(470)

(471)

(472)

(473)

(474)>

(475)

(476)

(477)

Moments of Web Members:

    M (diagonal 1-4, upper) = O.72 n-1.90 .....................

    M (diagonal 1-4, lower) = O.63 n-2.55 ........･･t･･････e･･･

    M (diagonal 3-6, upper) -h O.83 n----3.55.....................
    M (diagonal 3-6, lower) =: O.71 n----3.75 i....................

    M (diagonal 5-8, upper) ･rv-'--:O.70 n-4.60 ....................

    M (diagonal 5-8, lower) == O.70 n-5.50 ....A･･e････eg･･･-･･e

    M (diagonal 7-10, upper) :O.55 n-4.90 .................･･･

    M (diagonal 7-10, lower) =: O.55 n-5.50 ...,.............･･･

    M (sub-vertical 1-2, upper) := O.72 n-1.85 ...........,.......

    M (sub-vertiea] 1-2, lower) =: O.70 n-1.70 ..................

    M (vertical 3-4, upper) = 3.82 7z-15.28 .....................

    M (vertical 3-4, lower) --in 3,41 n-13.6tl .....................

    M (vertical 5-6, upper) =: 3.63 n-21.78 ...............･･････

    M (vertieal 5-6, lower) -m 3.63 n-21.78 ...................."

    M (vertical 7-8, upper) :2.50n---20.00 ....................

    M (vertical 7-8, lower) =: 2.65 n-21.2e .....................

    M (vertical 9-10, upper) == 2.80 n-28,OO ...............････

    M (vertical 9-10, lower) = 3.35 nd-33.50 .............,......

(478)

(479)

(480)

(481)

(482)

(483)

(4S4)

(485)

(486)

(487)

(488)

(489)

(490)

(491)

(492)

(493)

(494)

(495)

Correction for Compressive Sub-vertical.

    For the moments of.upper chord members

span, the following amounts shall be added to

･the compressive sub-vertieal.

near the

'them'as

centre of

the efft}ct

a

of
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Fig. 26.

M <upper ehord 1-3, right): -5.41a. ............

M (upper ehord 1-3, left) : -3.6/a. .............

M (upper chord 3-5, right): 2.8/aJ. ..............

]f (upper chord 3-5, left): O.91a. ...............

Jf (upper chord 5-7, right): -O.8/a, ............

M (upper chord 5-7, ]eft) : -9.21a. ････g･-･p････
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(496)

(497)

(498)

(499)

(500)

(rol)

b'. MaxamzemMbmentsdztetoLiveLoacls. Coeff. : .pamax,Kmn
   Amax. kenn

f 3 5 w 9 77

Fig. 27.

Moments of Web Members:
   M (diagonal' 1-4, upper) == (O.69 n---2.30)+O.OO/a't ....

   M (diagonal 1-4, lower) == (O.54 n-1.70)+O.OOIat ....

   M (diagonal 3-6, upper) :(O.73n-3.15)+O.OO/at ...
   M (diagonal 3-6, lower) --- (O.65 n-3.30) + O.OOfa,t ....

   M (diagonal 5-8, upper> == (O,56 n-3.30)+O.OO/at '...

   M (diagonal 5-8, lower) == (O.65 n--4,45)+O.OO/ab....

   M (diagonal 7-10, upper) := (O.25 n-1.55)+O.OO/at ..
   M (diagopal 7-10, lower) =: (O.30 n-2i25)+O.eO/at ..".

   M (sub-vertical 1-2, upper) :(O.63 n----l,40)+O.OOfat
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(502)

(503)

(504)

(505)

(506)

(507),

(508)

(509)

(510)
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M (sub-vertieal 1-2, Iower) == (O.62 n-1.20) +O.COIat .........

]f (yertieal 3-4, upper) =: (3.45 oz-13.00)+ O.OOfat ...........

M (vertical 3-4, lower) == (3.05 n-.11.10) +O.OO/at ............

M (vertieal 5-6, upper) ==: (3.30 n-17.80)+O.OOfat ....,......

M (vertical 5-6, lower) = (3.40 n-18.40) + O.OOIat ....,.......

Atr (vertieal 7-8, upper) = (2.32 n-i5.80) +O.OO/at ...........

M (vertical 7-8, lower) == (2.25 n-14.90)+O.OOfat ...........

]f (vertical 9-10, upper) = 4.75(n = 10) .........･･g･.e･････

]f (vertical 9-10, lower) == 5. .60(n :10) ...........･..･･..t･

4. Moonents ci,.Le to a singie Loacl. coeff･: pZm.".x.'.lll1."'

       pt.$ s g g rl

(511)

C512)

(513)

(514)

(515)

(oi 16)

(517)

(518)

(519)

g"

e-MS

       ,                             Fig. 28.

Moments of Chord Members:

   M (portal O-1, lower)(load atjoint 2) -- 1.30+1.781at ......

   M (port,al O--1, upper)(load at J'oint 2) == ---･4.20+O.57/at ....

                       (load atjoint 4) = 3,eO e.eeeeee-eo.e.

                       (load atjoint 6) == 4･40 ･.eeeee-eee"ee

    M (lower chord O-2, left)(load at J'oint 2) == --1.30-1,78/at .

    M (lower chord O-2, right)(Ioad atjoint 2) == ---3.52---･2.411at

    M (lower chord 2-4, left)(load at J'oint 2) -im- 3.40+2.431at ...

    M (lower ehord 2-4, right)(load atjoint 2) := O.25+1.871at .

                       (load at J'oint 4) --"r' 'ut7･20 oee"eee"eee-

    M (lower ehord 4-6, left)(load at ,ioint 2) == 1,20-t,2oVlat ...

           ..., (loadatjoint4)==7t32-eeeee.eeeee.e
(load atjoint 6) --z- pm7･05 ･e･･･eeee"ee

' M(lower,ehord4-6,right)(loadat-J'oint6)-nvng-ru13･65...e..

            .. (loadatjointlO)=h4･35e･ee･.oe･ee
   M (Iower chord 6-8, left)(load atjoint 6) == 13.20 ..........

                       (Ioad atjoint 8) = 'm-5,50 -eee･eeeee-e

    M (lower chord 6-8, right)(load atjoint 8) -mu= ---19,OO ......

                       (load at joint 10) mupm" 5.00 ･eeeeene"ee..
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(521)

(522)

(523)

(524)

(525)

(526)

(527)

(528)

(529)

(530)

(531)

(532)

(533)

(534)

(535).

(536)

(537)



A Speedy Method of Calculation for Secondary Stresses o£ Simple Bridge Trusses 425

M (lovTer chord 8-10, Ieft)(load atjoint 8) = 19,60 ......

                  (load atjojnt 10) -ww -8.70 .......o
M' (]ower chord 8-10, right)(load atjoint 8) =: 3.85 ...,.

                  (load atjoint 10) = m26･20 e･eeoe･
M (upper chord 1-3, left)(load atjoint 2) =: 4.10-O.40/ctt

                  (load at J'oint 4) =;' 4.22 ...........

                  (load atjoink 6) = ･-6.10 ....･･･e･

                  (Ioad atjoint 8) =: -4.60 .........

]f (upper chord 1-3, right)(load atjoint 4) -- ----12.15 ...

If <upper ehord 3-5, left>(load atjoint 4) =: 11.90 .......

M (upper chord 3--5, righD(load atjoint 6) == -14.00 ...

].f (upper chord 5-7, left)(load atjoint 6) =: 14.eO .......

]f (upper chgrd 5-7, righO(loa<1 atjoint 8) == -17.30 ...

M (upper chord 7-9, left)(load atjoint 10) == 17.50 .....

M (upper ehord 7-9, right)(load atjoint 10) == -25.25 ..

eeee･ <538)

･･e･･ (539)

..... (540)

･e"e (541)
 ･e-･ (5<t2)

ee･･e (543)

neeee (De"44)

..... (545)

..... (546)

..... (547)

..... (,-,-48)

...,. (549)

..... (550)

..... (i551)

..... (552)

Moment･s of Web Members:

   nl" (diagonal 1-4, upper)(load atjoint 2) := O.Q2-O.14/at ....

                      (load atjoint 6) :1.05 ,･････e･････e･
   ]f (diagonal 1-4,' lower)(Ioad at J'oint 2) --- -O.30-O.221at ..

                      (load at joint 6) = 1,10 ..............
   M (diagonal 3-6, upper)(load atjoint 2) == -O,15+O.025/at .

                      (load atjoint 8) == 1,OO ...･.e-････e･･

   M (diagonal 3-6, lower)(load atjoint 4) = -O.30 .......･･.

                      (load atjoint S) == 1.eO ..............

   M Cdiagonal 5-8, upper)(load at joint 4) =: -O.25 ..........

                      (load atjoint 10) == O.70 .............

   M (diagonal 5-8, lower)(load atjoint 6) = -O.40 .......･･･

          - (loadatjointlO)=:O.75....･･t････e･
   M (diagonal 7-10, upper)(load atjoint 6) -m -O.20 ...･･eee･

                      (load atjoint 12) == O.31 .............

   ]f (diagonal 7-10, lower)(Ioad atjoint 8) =: -O.32 ......･･･

                      (10ad at jOil]t 12) == O･34 eo･･ee･････-･

   M (sub-vertical 1-2, upper)(load at joint 2) =: -O.02-O.031at

                      (load atjoint 4) =: 1.00 ･.･e･e･e･･ee･･

   ]f (sub-vertical 'F2, lower)(load atjoint 4) = 1.15 ....･.･･･

   M (vertical 3-4, upper)(load at J'oint 2) == -1.17---O.171at ...

                  . (loadat'j6int6)==4.80..･.e･･--e････
   M (vertieal 3-4, lower)(load atjoint 2) == -1.1:5-O.40/at ...

                      '                      (load at･joint 6) ---- 4.70 .........･.･･o
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(553)

(554)

(555)

(556)

(557)

(558)

(559)

(560)

(561)

(562)

(563)

(564)

(565)

(r,66}

(567)

<568)

(569)

(570)

(571)

(572)

C')"73)

(574)
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M (vertical 5-6, upper)(load atjoint 4) `= '1･85 .e･..eee...e

                  (load atjoint 8) == 3･75 ･･･e･･e･･,･e･e･･･

]t (vertical 5-6, lower)(load at J'oint 4) == -1.7e .............

                  (load at joint 8) == 4･OO e･e･･･e･-･･e-･･･

M (vertieal 7-8, upper)(load atjoint 6) ==: -1.50 .............

                  (load atjoint 10) :: 2.40 ...............

nf (vertieal 7-8, lower)(load atjoint 6) =:: ----1.70 .............

                  (load atjoint 10) =: 2.80 ...............

]f (vertieal 9-10, upper)(load atjoint 8) == -2,15 ............

M (vertical 9-10, Iower)(Ioad atjoint 8) = ---2.50 ............

(576)

(577)

(578)

(579)

(580)

(581)

<582)

(583)

(584)

(585)

V. Ngxmerical Moment Formulae for Through Warrets
            Truss with Polygofial Chords.

                                           . pamax.1. Mbmentsdzeetoli'zellLozverJointLoads. Coeff
                                          "A                                                max.

K;nn
km're

yG"5
3

5 w

'

Fig. 29.

Moments of Chord Members:

   M (portal O-1, lower) =: (O.79 n-O.e5)+ 2.23/at ..............

   M (portal O-1, upper) = (O.13 n-2.28) + O.71/at ..............

   M (lower chord O-2, left) = (-O.79 n+O.05)-2,23fat ........

   M (lower ehord O-2, right) == (-O.54 7z-1.82)-3.681at .......

   M (lower ehord 2-4, left) = (O.06 n+2.74)+3.77/at....:......

   M (Iower ehord 2-4, right) =:(-1.21 n-1,70)+4,77/at .......

   M CIower chord 4-6, left) =: (-1.22 n+15.25)-5.6orelat .......

   M (iower ehord 4-6, right･) -h (-1,80 n+10.60)-6.50/at ......

   M (lower chord 6-8, left) == (1.20 n-7.00)+6`531a･t ..........

   M (lower chord 6-S, right) =:(-O,60 n-12.80) +7.71/at ......

(586)

(587)

(588)

(589)

(590)

(591)

(592)

(593)

(594)

(595)
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   M (lower chord 8-10, left) == (-2.33 n+39.70)-8.04/at ....,.

   M (lower chord 8-10, right) == (-5.45 n+52.40)-8.67/a･t ,....

   M (lower chord 10-12, left) =: 11.25+8.68/at(n -im' 12) ........

   M (lower chord 10-12, right) == -20.90+8.501at(n -- 12) .....

   M (upper chord 1-3, left) -th-" (-1.25 n+5.32)ptO･701at .......,

   M (upper chord 1-3, right) :== (TO.83 n-10.04)---O.181at .....

   M (upper ehord 3-5, left) =: (O.23 n+13.31)+O.Z21at .........

   ]f (upper chord 3-5, right) =(-2.85n+21.30)-O.061at .....

   M (upper chord 5-7, left) =: (O･82 nke8.72)-O･161ctt .e.e･eee･e

   M (upper chord 5--7, right) == (-O,50 n-18.50)-O.031at .....

   M (upper chord 7-9, left) = (-O.56 n+28.50)-O.OOIat .......

   M (upper chord 7-9, right).-m (-7.CO n +72.00)-O.031at ......

   M (upper chord 9-11, left) -- 7.00-O.031at(n == 12) ..........

   M (upper chord 9-11, right) : -28.90-O.OOfat(n = 12) ....,..

Momehts of Web Members:
   M (diagonal 1-4, upper) =: (O.75 n-2,30) +O.061at ...........

   M (diagonal 1-4, lower) == (O.65 n-4.90) +O.34/at ............

   M (diagonal 4-5, lower) = (1.23 n-5.60)+O.42/at............

   M (diagonal 4-5, upper) =: (O.75 n-4.75)+O,19/at ...........

   M (diagonal 5-8, upper) = (O,75 n-4.65)+O.06fat ...........

    M (diagonal 5-8, lower) == (O.65 n-6.20) +O.137at .....,......

    M (diagonal 8--9, lower) = (1,26 n-11.00)+O.121at ...........

   M (diagonal 8-9, upper) :== (O.81 n-8.60)+O.061at ...........

   M (diagonal 9-12, upper) == 2.38+O.OOIat(n == 12) ...........

    M (diagonal 9-12, Iower) =: -O.90+O.OOIat(n == 12) .'.........

    M (sub-vertieal 1-2, upper) == (O.37 n--O.74)-O.08fat ........

    M (sub-vertical 1-2, lower) == (O.46 n-O.92)-O.09/at .,.......

   M (sub-vertical 3-4, upper) == (O.60 n-3.27)+O.06/at ........

   M (sub-vert･ical 3-4, lower) == (O.55 n-3.05) +O.12/ai .........

   jf (sub-vertical 5-6, upper) := (O.53 n-3.18)-O.03/at ........

   M (sub-vertical 5-6, lower) == (O.60 n-3.60)-O.03/at .........

   M (sub-vertical 7-8, upper) = (1.06 'n-10.00)+O.031at ,.......

   M (sub-vertical 7-8,, lower) == (1.02 n-9.70)+O.0751a･t ........

   M (sub-vertical 9-10, upper) == (O.79 n-7.90)-O.O15/at .......

   Bl' (sub-vertical 9-10, lower) = (O.86 n-8.60)--O'.O151at .......

   M (sub-vertical 11-12, upper) := O(n -im 12) .,..:.............

    .Zlit (sub-vertical 11-12, lovver) ::O(n -- 12) ...................

(596)

(597)

(598)

(599)

(6eo)

(601)

(602)

(603)

(604)

(605)

(606)

(607)

(608)

(609)

(610)

(611)

(612)

(613)

(614)

(615)

(616)

(617)

(61S)

(619)

(620)

(621)

(622)

(623)

(624)

(625)

(626)

(627)

(628)

(629)

(630)

(631)



428 T, Sakai.

2. MomentsdztetoFzclll]7ipped",lbintLoaas. Coeff.
   amax. -Zl4izn

:P   Amax. kmn

5 9 9 r

'3

G'ergj

o 2.･4 6' 8 fO pt2

                            Fig. 30.

Moments of Chord-Members :-

   M (portal O-1, lower) mu-- (O.79 n-O.05)+O.65/a. ..............

   ]t (portal O-1, upper) =: (O.13 n-2.28)+2.601a. ............e

   AiT (lower ehord e-2, left) == (-O:79 oz+O.05)-O.65/a. ........

   M (lower chord O--2, righO == (-O.54 n-1,82) --O.291a. .....,.

   M (lower ehord 24, left) :(O.06 n+2.74)+e.171a, ..........

   M (lower ehord 2-4, right) == (-1.21 n-`--1.70)-O･101a, .......

   Air (Iower ehord 4-6, left) == (-1.22 n+15.25)-O.30/a. ...i...

   M (lower ehord 4-6, right) == (-1.80 n+10.60)-O,09/a. ......

   M (lower chord 6-8, left) =: (1.2e ft-7.00)+O.045/a, .......･･

   M (lower chord 6`8, right) == (-O.60 n-12.80)-O.03fa. ......

   M (Iower chord 8-10, left) == (-2.33 n+39.70)-O.061a, ......

   M (lower chord 8-10, right) == (-5,45 n+52.40)-O.03ra･......

   M (lower chord 10-12, left) == 11.25+O.OOIa.(n = 12) ......･･

   M (lower chord 10-12, right) =: -20.90+O,OO/a,(n =: 12) .....

   M (upper ehord,1-3, left) = (-1.25n+5.32)-3.74/a. .eee.･･･

   M (upper ehord 1-3, right) == (--O.83 n-10.04)---6.54/a. .....

   M (upper ehord 3-5, left) = (O.23 n+13.31)+6.61/a. ......e･"

   M (upper chord 3-5, right) =:(r--2.85 n+21.30) +7.861a. ..,..

   M (upper chord 5-7, left) =: (O.82 n-8.72)-8.36/a. ....o...･･

   M (upper ehord 5-7, right) := (-O.50 n-18.50)-9.54/a. ...･.

   M (upper chord 7-9, left) :=r (-O.56 n+28.50)+9.57/a. .....e･

   M (upper ehord 7-9, right) =:(--7.00 n+72.00) +10,20fa. ....

   M (upper ehord 9-11, left) ==7.00-10.381a.(n = 12) ...ee･e･･

   M (upper chord 9-11, right) == -28.90-10.80/a.(n = 12).....
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Moments of Web Members:
   M (djagonal 1-4, upper) == (O.75 n-2.t")O)+O.901a, ........... (656)

   M (diagonal 1-4, lower) -mp (O.65 n-4,90)+O.40/a. .........., ･<6t57)

   M (diagonal 4-5, lower) == <1.23 n-5.60)+O.045/a. .......... (658)

   M (diagonal 4-5, upper) == (O.75 n-4.75)+O･271a. ........... (659)

   M (diagonal 5-8, upper) =: (O.75 n-4.65)+O.151a. ...,....... (660)

   M (diagonal 5-8, ]ower) ----- (O.65 n-:--6.20) +O,075fa. .......... (661)

   M (diagonal 8-9, lower) == (1.26 n-11.00)+O.031a. .....'. ..... (662)

   M (diagonal 8-9, upper) == (O.81n-8.60)+0.03/a. .....･..... (663)

   M (diagonal 9-12, upper) =:-4 2..38+O.08/a,(n -ny 12) ............ (664)

   M (diagonal 9-12, lower) = -O.90+O.04/a,(n -- 12) .......... (665)

   M- (sub-vertical 1-2, upper) == (O.37 n-O.74)+O.24/a. ........ (666)

   M (sub-vertibal 1-2, lower) == (O.46 n-O.92)+O.12/a･. ........, (667)

   M (sub-vertieal 3-4, upper) -im (O.60 n-3.27)-O.07/a. ........ (668)

   M (sub-vertieal 3-4, lower) := (O.55 n-3.05)-O.045/a, ........ (669)

   M (sub-vertical 5-6, upper) :(O.53n-3.18)+O.08/a. ........ (670)
   M (sub-vertieal 5-6, lower) -bu-"-` (O.60 n-3.60)+O.0451a. ........ (671)

   M (sub-vertical 7-8, upper) == (1.06 n-10.00)-O.031a. ....... (672)

   .Zlf' (sub-vertical 7-8, lower) = (1.02 n-9.70)-O.O151a. .,...... (673)

   M (sub-vertical 9-10, upper) == (O.79 n-7.90) + O.03/a. ........ (674)

   M (sub-vertical 9-10, lower) = (O.86 n-8,60)+O.03/a, ........ (675)

   M (sub-vertical 11-12, upper) == O+O.OO/a,(n =:12) .......... (676)

   M (sub-vertieal 11-12, lower) = O+O.OO/a.(n -- 12) ........... (677)

                                                  amax. K;nn
    3. ]dt}xi"zzemMo7nentsclzeetoLiveLoads. Coeff.: P
                                                  Amax. icmn

5
il

y
3

'

.

m

e z 4 6 t8 gie li2

Fig. 31.

Moments of Web Memb'ers:

   M (diagonal 1-4, upper) =: (O.75 n-2.30)+O,36/at .,......... (678)

   M" (diagonal 1-4, ,lower) ==: (O.55 n-2.00)+ Q.87/at ............ (679)
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M (diagonal 4-5, lower) -in (1.20 n-4.60)+O.881at .....

M <diagonal 4-5, upper) :=. (O.82 n-2.80) +O.30fat ....

M (diagonal 5-8, upper) -mu (O.75 n-3.50) +O.22fat ....

M (diagonal 5-8, ]ower) = (O,70 n-4.10)+O.51/at ....

M (diagonal 8-9, lower) == (1.05 n--:-6.60)+O.54fat .....

M (diagonal 8-9, upper) := (O.70 n-3.90)+O.271at ....

M (diagonal 9-12, upper) :== 5,50+O.24fat(n == 12).....

M (diagbnal 9-12, lower) == 3.65+O.501at(n == 12) .....

M (sub-vertical 1-2, upper) =: (O.35 n-O.50)-e.03/at .

M (sub-vertieal 1-2, Iower) =: <O.46 n-O.92)-O.091at ..

M (sub-vertica,1 3-4, upper) =: (O.54 n-2.05)+O.121a･t .

M (sub-vertical 3-4, lower) := (O.50 n-1.95)+O.221at ..

M (sub-vertieal 5r6, upper) == (O.55 n-2.20)-O.045fat

M (sub-vertical 5-6, lower) = (O.61 n-2.50>-O.061at ..

M (sub-vertical 7-8, upper) == (O,67 n-3.55)+O.131a･t ..

M (sub-vertical 7-8, lower) =:(O.65 n-3.50)+O.27iat ..

M (sub-vertical 9-10, ul?per) = (O.70 n-4.10)-O.03fat .

M (sub-vertical 9-10, lourer) == (O.77 n-4.65)-O.075/at

]f (sub-vertical 11-12, upper) = 3.46+O.12/at(n := 12) .
M (sub-vertical 1'1-12, lower) == 3.2S+O,25/at(n == 12) .
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4. Mb7nents elzLe to a Single Loael･ Coeff･: -PSM.a.X.i Kmn

kmn

5
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di re 72

Fig. 32.

Moments of Chord Members:
   M (portal O--1, lower)(Joad atjoint 2) = 1,65+2.10/ctt.......

   M (portal O-1, upper)(load atjoint 2) == -4.10+O.781a･t ....

                      (load atjoint 4) =: 2.50 ..............

   M (Jower chord O-2, left)C}oad atjoint 2> = -1.65-2.10/est .

   M (lower chord O-2,･righO(load at joint 2> == -5.15-3.15fa･t
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   M (lower ehord 2-4, left)(load at joint 2) =: 5.10+3.161at ..,..

   Al (lower chord 2-1, right)(load atjoint 2) -rw O.95+2.611at ...

                      (load atjoint 4) ==: -7.60 ..............

                      (load atjoint 6) == -O.40+2.01/ctt ......

   M (Iower chord 4-6, left)(Ioad atjoint 2) : 1.10-1.531at .....

                      (load atjoint 4) = 8.50 ..,.............
                      (load at joint 6) = -3.40-3.84/at ......

   M'(lower chord 4-6, right)(load atjoint 6) =; -9.90-5.431at..

   M (lower chord 6-8, left)(load atjoint 6) -ny 9.80+5.461at .....

   M (lower chord 6-8, right)(load atjoint 6) == 1.50+4.02/at .,..

                      (load atjoint 8> = -13.70 .............

                      (load atjoint 10) -'--= 1.30+3,331at .......

   M (lower chord 8-10, Ieft)(Ioad atjoint 6) -ma 1.80-3.061at .,..

                      (Ioad at J'oint 8) = 14.4,O .............,.

                      <load at j'oint10) = -5.00-4.651at .....

   M <Iower ehord 8-10, right)(load atjoint10) =: -15.20-6,901at

   Jf (lower chord 10--12, left)(load at joint IO) -- 16.2e+6.96/at .

  ･ M (lower chord 10-12, right)(load atjoint 10) --'-- 4,30+4.89/at.

                      (load atjoint 12) :== -16.20 ............

                      (Ioad atjoint 14) ---- O.15+3.701at .......

   M (upper chord 1-3, left)(load atjoint 2) =: 4.10-O.421at .....

                      (load atjoint 4) == -4,40 ..............

                      (load atjoint 6) == -l.40-O.24fat ......
   M (upper chord 1-3-, right)(load at joint 4) := -12.30 ........

   M (upper chord 3-5, left)(load atjoint 4) = 12.35 ............

   M (upper chord 3-5, right)(load atjoint 4) == 4,50 ...........

                      (Ioad atjoint 6) === -11,OO-O.091at ..,..
   Al' (upper chord oF-7, left)(load atjoint 6) :: ll..40-O.121at ....

                      (load atjoint 8) = -6.50 ..............

   M (upper ehord 5-7, right){load at joint 8) = -18.00 ........

   ]f (upper ehord 7-9, left)(load atjoint 8) =: 18.25 ............

   M (upper chord 7-9, right)(load at joint 8}=: 7.00 ........･..

                      (Ioad at joint 10) := -16.00-O.031at ....

   M (upper chord 9-11, left)(Ioad atjoint 10) = 17.30-O.OOIat ..

                      (load at joint 12) == -6.50 ..........,..
   M (upper chord 9-11, right)(load atjoint 12) =: -20.85 ......

Moments of Web Members:
   M (diagonal 1-4, upper)(Ioad atjoint 2) =:e.10-O.34/at ......

                      (load atjoint 6) =: 1.15+O.361at ........

(705)

(706)

(707)

(708)

(709)

(710)

<711)

K712)

(713)

(714)

(715)

(716)

(717>

(718)

(719)

(720)

(721)

(722)

(723)

(724)

(725)

(726)

(727>

(728)

(729)

(730)

<731)

(732)

(733)

(734)

(735)

(736)

(737)

(738)

(739)

(740)

(741)

(742>
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Dii (diagonal 1-4, lower)(load atjoint 2) == -O,95-O.521at ....

                   (load atjoint 6) == 1.40+O.81iat ........

M (diagonal 4-5, lower)(load atjoint 2) == -O.65-O.461at ...,

                   <load at joint 6) = 1.40+O,821at ........
jli" (diagonal 4L5, upper(load at joint 2) = -O.85-O.221at .....

                   <.load atjoint 8) = 2.10 ........･.･･･e･g

M (diagonal b": 8, upper)(load at joint 4) == -O.85 ............

                   (load atjoint 10) =: l.15+O.241at .......

M (diagonal 5-8, lower)(load atjoint 6) = -O.95-O.40Xat ....

                   (load atjoint 10) = 1.30+O.511at .......

M (diagona'1 8-9, lower)(load atjoint 6) == -1.10-O.39fat ....

                   (load at ,joint 10) -in 1.15+O.511at .......

M (diagonal S-9, upper)Ooad at joint 6) == -1.15-O.19fat ....

                   (load atjoint 12) =: 1.55 ...............

M (qiagonal 9-12, upper)(load at joint 8) -- -1.45 ...........

     '' (load atjoint 14) := 1.50+O.22fat .......
]t (diagonal 9-l2, lower)(load atjoint 10) --- -1,30-O.46/at ..

                   (load atjoint 14) -'wt-- 1.50+0481at ........

M (sub-vertica･1 1-2, upper)(load atjoint 4) = O.90 ...........

M <sub-vertical 1-2, lower)(load atjoint 4) == 1.0Q ...........

]f (sub-vertical'3-4, ripper)(load atjoint 2) = -O.45-O.06/at...

                   (load at ,joint 6) -h 1.0e+ O.101at ........

M (sub-vertjeal 3-4, lower)(load atjoint 2) =: -O.45-O.121at .

                  ' (load atjoint 6) -h O.95+O.211at ........

ItT Csub-vertieal 5T6, upper)(Ioad atjoint 4) -- -O.80 .........

                   (load at J'oint 8) == 1.15 ................

M (sub-vertieal 5L6, lower)(loaC{ atjoint 4) =: -O.8e .........

                 ' (Ioad atjoint 8) == 1.20.................

M (sub-vertiical 7:8,,upper)(load at joint 6) =:- -1.10-O.09fat .

                   (load atjoint 10) -- 1.25+O.131at .......

M csub:vertical 7-8, lower)(load at joint 6) = -1.05-O.191at .

                   (load atjoint 10) == 1.20+O.251at .......

]I (sgb-vertidal 9LIO, upper)(load at joint 8) -tm -1.30.........

   ' (load atjoint 12) =1.40 ...............
)f (sub-v6rtieal 9-10, lower)(load atjoint 8}=: -1.35 ........

                   (load atjoint 12) =:l.4,5 ...............

M (sub-vertical 11-12, upper)(load atjoint 10) =: -1.40-O.121at

                   (load at j'ojnt 14) == 1.40+O.121at .......

if ($ub-vertical 11-12, lower)(load atjoint 10) = -1.35-O.24/at

              , (loadatjoint14>==1.35+O.24fat.......

(743)

(7･44)

(745)

(746)

(747)

(748)

(749)

(750)

(751)

(7E;,2)

(753)

(754)

(755>

(756)

(757)

(758)

(759)

(760)

<761)

(762)

(763)

(764)

(765)

(766)

(767)

(768}

(769)

<770)

(771)

(772)

(773)

(774'>

(775)

(776)

(777)

(778)

(779)

<780)

(781)

(782)

,



  ASpeedyMethodofCaleulationforSecondaryStressesofSimpleBridgeTrusses 433

       VX. Applicatiofi of'Numerical Moment Forrnu!ae.

   1. Nu･me7'ical Exa"mple L 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 Practiee of Modern

Fraiined Struetures" by J.B. Johnson, C.W. Bryan and li'.E,
Turneaure*. 1
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                                           .                           Fig, 33.

   It will be seen that for some members the secondary stresses are

not at the maximum when the primary stresses are maximum, but

inasmueh 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 seeondary stresses

whieh occur for the same loading as the maximum primary stresses

will be computed.

   The length of each member, denoted by (l), the sectional area of

member (A), the moment of inertia of a section (I), the stifibess

value of member (K) and the distance of the extreme fibre from
neutral axis of the section of member (c) are written in Fig. 33.

   In Fig, 34 there are shown the stifeness ratio and seetional 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.

   ee Part II, P. 441-455, John Wiley & Sons, New York, 1917.
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In this example, n, P, at, XM.".X.;. and lli,IY,?

            '
   n (number of panels) --- 6

   P (intensity of joint loads) == leOO lbs.

at == A`ii:i.m.a.x' == <16's020]3(Os'85) = o.26

beeome as fo]]ows:

amax. O.85

Amax. 52.35
== O.O162

-ZZIb,

koi

Kb2

'

ko2
'

h-Zlrlg

 k13 '
' &6 &5 K;nax. 12.43)

k46 '

:i21144 =:g.s,

    .leB5

Kl,.

lemax.

== 5.1
     ,

(}.90
= 13.8

le12

Kl4
    = 23.4,
k14

Kh4. -m 1,o,.s

k34

    lii3]i,6=20･9,tiisll,B-=ls.s t .

   Substituting the above values into the numerical moment formulae

for the through Pratt truss "rith 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 fu11 joint loads and the bendjng moments in ehord members
due to such a loading are obtained using the numerical moment
for[nulae for full lower joint loads as follows:

   From numerieal moment formula (420),

.zlfh, = 1vaportal O-1, lower) == ((1.20n-2.15)+1･80/at}-PfM.a.X.: :E,l,i

   '   == {(1.20)(6)-2.15+{1.80)1<O.26>}(1000)(O.O162)(13.8)

   ==2683 .
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   From numerical moment formula (421),

Mio=:Jqportal e-1, upper) = {(2.70n-il･30)+O･57/at}PZ'."a.X.'. llll,l,i

   == {(2.70)(6)-11.30+(O.57)1(O.26)}(1000)(O.O162>(13.8)

   = 1588

Ete.

                  '              '   AII the bending moments in chord members are therefore as

                                       '

       ]n,=2683, bll,==1588, ]%,:=-1845
       Mhe==-2130, lldli4=1740, ]11i2=:157
       ]L,,=-1145, ]4k,---,C,)O04,, ]oCt,==-2421

       ]%,=-4625, ,fiag,==2970, )G,rm--2825.

   The sum ofthe moments aroundjoint O is 2683-1845 == 838. Hence
by distribution of this diserepaney to members O-1 and O-2 propor-
tionally to their stifllness values so as to satisfy the equilibrium condi-

tion, the corrected values of 1%i and ]42 are obtained as fo11ows:

                        9.15       ]4i =2683nv(838)g.lc,+s,.so =2())83-590==2093

                          3.80       ]42 == -1845-{838) g.ls+,b,.so -- -1845-250 = -2095

                                '
   For all other joints such a eorrect,ion ean be neglected, as the

amount of the discrepancy is negligible for all practieal purposes.

   In web members the Ioading for the maximum primary stress
causes nearly the maximum secondary stress, and the maximum bend-
.mg moments in web meinbers are obtained from the numerieal moment
formulae of maximum moments as follows:

    From numerical moment formula (502),

J14 = jl(diagonal 1-4, upper) == {(O.69n-2.30)+O･OOIat}P' fM.X.'. i:il,,`

                                '   == {(O.69>(6)-2.30}(1000)(O.O162)(23.4)
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   From numerical moment formula (503),

fi1! == "qdiagonal 1-4, lower) == {(O.54n-1･70)+O･OOIat}PfM.a,uX.'. ig,l,,`

   =-{(O.54)(6)-1.70}(1000)(O.O162)(23.4). ,. '

                             '

         '

    All the bending moments in web meinbers are therefore as fo11ov's:

                                                     '       All,--700, ]Q,=585, M,,---:417
       Mk,=203., ]1,==197, ]n,==209
       Mb,=1686, .ZlfZ,=:=1577, Bll,,==502

       Mk,==502 .
    Alltheabovevaluesofmomentsaregiveninin.-Ibs. .
    After the values of bending moments have been obtained, the
seeoRdary stresses. ean be obtained from the general equation

      '         ･ gab="Zllhi}iibC"b............................<q)

                                                     '
    In this equation .Mhb and a.b are respectively the bending moment

and secondary stress at the end A of the member AB, Ct,b the distance

of the extreme fibre from the neutral axis of the section and Ihb the

moment of inertia of the seetion. ･

    [l]hecalculationisasfollovs'si '

                                          '               croi =(2093),245g'4o --- 4･4s (compression)

               ono ="(15ss)1444'8{8) =:s.oo (eompression)

Etc.

    In Table ltt) there are tabulated the seeondary stresses which oeeur

for the same loading as the maximum primary stresses. For unsym-
metrical members, 'such as the portal and upper ehord, the top and
bottom fibre stresses have different values and properties, but in this

table only one va!ue whieh 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 pereentages of the

maximum primary stresses. In the table the values in braekets are

those caleulated by Johnson.

   In regard to signs, the sign of the primary stresses indjcates 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 direetions of moment, by whieh the secondary stress is

caused.

                          Table 15.

Member

Portal

Lower Chords

Upper Chords

Main Diagonal

SeeoRd Diagonal

Hlp Vertieal

Seeond Vertical ･

asrfiddle Vertical

Ol
10
0220
24
42
4664
13
31
3553
14
41
36
63
2' 1

12
43
34
65
56

Seeondary
 Stress

+ 4.45
+ 5.00

-l5.70
-15.95

+13.03
+ IJ8
t 5,50
-- 14.40

- 8.75
-10.70

+ 6.86
- 6.52

+ 6.52
+ 5.45

+ 6.97
+ 3.40

+11.90
+11,22

+15.76
+16.85

+ 9.69
+ 8.85

Maximum Primary
    Stress

} - 56.40

}

}

}

+ 73.10

+ 73.10

+ 75.70

}

}
- 65.72

- 74,OO

} + 74.77

} + 64,14

} + 62.50

} + 37.76

} o

Percent Seeondary of
 ]N{[aximum Primary

7.9 ( 7.5)
8.8 ( 5.1)

21.4 (20.3)
21.8 (21.2)

17.8 (19,O)
 1.6 ( 1.6)

7.3 ( 6.6)
19.0 (20.3)

13,3 ( 9.2)
16.3 (15.2)

9,2 ( 8.8)
8.8 (10.6)

8.7 ( 8.5)
7,3 ( 8.5)

10.8 ( 8.7)
 5.3 ( 3.8)

I9.I (19.5)
18.0 (17.3)

41.8 (40.1)
44.7 (42.7)

   2. -ZYrLemeo･ical Exampte ll. Fig.36 shows a deek Warren truss

with ejght panels of a certain Japanese railway bridge, [I]he upper

ehord joints are loaded with 100,eOOlbs. each and the lower chord

joints are loaded with 10,OOOIbs. eaeh. It is required to find the

secondary stresses.

}
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[i]he various elements needed in the ealeulations are vL'ritten in [l]"ig. 36.

In Fig. 37 are shown the stifflness ratio and seetional area-ratio of this

truss and in Fig. 38 is shown the standard deek XVarren truss xvith
eight panels whieh is obtained fi'om Fig. 3.
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      In this example, sz, P, ctt, a., kM.a.X.'. and iilillll." become as follows:

         n :8
         P=: 100,eOO lbs. fbr upper joint loads excepting Oi and O{

           = 50,OOO lbs. for joint loads on O! and Ol

           = 10,OOOIbs. for lovLrerjoint loads.

                        (g.g2)(1) .. o.18              At'amax.
         ati= A.... : 54･63

                        (15･36)(I(') == Oe28              Aceamax.
         ac=: A.... == 54.63

         -amax. ham 1 .:o.ols3
          Amax. 54･63

          Ki3 -Kbs Kls7 Kbi Kl}2 Kli4 1{rU6 Kkss,,...Kmax.
          ki3' k3s' ks7' koi' ko2' k24' k46' le6s ' kmax,

          .. 7.691 ,.,7.70

              1

          llil,l,`--bld7eOO, ilil,il,5za8･75, llil,ll,B==11･66

     -          iliil22' ililsll66=lt34' ¥oootii' ilil3il44' {il71s8=16"5

                             '
      Substituting the above values into the numerical moment formulae

  for ihe deck Warren truss with parallel chords, the bending moments
   at the ends of any of the members ean be obtained as follows:

      A. Moments due to upper joint loads excepting the loads on

   joints Oi and O{:

      Mb,=!-141,600, pMh,=:-88,100, ]Q,== 32,800
      ]L,=:-176,400, IIL,= 5,200, ]dla,=-204,700
      ca,= 177,400, Mk,=-190,300
      Mb,,==-21,400, Mi,,:-38,200, ]G,---274,700
      Mh,=-502,OOO, Mb,=: 460,100, Mis,== 121,700
      ]G,=-202,300, Mli,=:-660,900
Gix.- ss

i{il:kl.g<e,,X . "

                                         e
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　　　溜b1＝　　　1ユ1，700，　　　　　3∫io瞬・　　145，800，

　　　∬五1；＝　　　44，400，　　　　　11五5コ　　　96，000，

　　　払8＝＝　　　53，100，　　　　　31き5一一　18，300

　　　妬、o＝　　　　㌘6，400，　　　　　辺bo、；＝　　　64，300，

　　　潅∬⊇1＝＝　　　　9，600，　　　　　∬4§4＝　　　90，300，

　　　鵡6謡　　　　4，200，　　　　鵡5冨＝　　　　4，600，

　　　払7霊　　　　0

　　　：B．Moments　due　to　lower　joint　loads：

2曜b露二＝＝一　29，200，

エ理気2，・畿　　　　14，500，

21fB8＝＝＝　　　58，600，

．Z雇も11＝＝一　　2，900，

1㎏1＝　一　23，000，

1鴫7＝＝　　　12，900，

ノ屋b1躊＝　　　24，400，

2レ亀1濫・　　　4，500，

∬妬』8二＝　　　　4，900，

．Z雇610＝＝　　　10，400，

砺1嵩　　　800，
∬妬』6＝＝　　　　　40Q，

砥7r　　　　O

C。

2躍b2＝＝　　　　4，200

璃2鵠　　　500

瓢）11＝　　　　4，500

払1＝＝一　　4，800

鵬7二＝　　　1，000

鵡1＝一　　500
∬∬≧1ニコー　　2，006

1髭践〕10＝・＝一　16，200

丑る1講一　　　100

」ゐ。盛一　34ヨ600，

∬鶉6＝臣一　34，3GO，

ノlf忌6二嵩　　　23，500

∬4｝01＝＝一　　7，900，

孤5・＝＝　　　18，300，

沼fケδ認一　29，200，

払。嵩　　　ユ1，500，

∬4亀5＝＝　　　11，900，

鵡5＝一1，500
21塗bo1・＝　　　　10，300，

払4離　　　10，000，

鵡5＝　　　500，

カ∬k譜　　128，100

万ノ』4＝　　　　22，900

∬名2＝自　　　　9，000

刀4竃3窟＝　　　80，900

砺8＝　　　　0

．Z峰4二＝＝」　　　30，100

君f6唇＝＝一　61，300

班13＝一ユ2，100

11f』3二＝一　31，300

∬造唱＝　　　　9，000

刀ノ』4二．　　　2・900

払2寵　　　700
∬鶏3置　　　　g，400

妬8需　　　　0

：Mome11七s　due七〇10ads　at　join七s　O呈and　O｛：．

，

，

，

，

，

，

1脆。訂＝　　　　ユ，300，

2属6謬＝　　　　1，300，

2鴎01＝＝　　　20，800，

鵡5＝　　　　4，500，

Jflo『＝一　　6，500，

ノ1∬敬〕1謬＝幽　　7，500，

”広～4＝一　　　700

孤4＝　　　400

皿13＝一17，100

為篇　　1，500

遡・・出一5，000

”f12＝一　　　200
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1]herefore the total moments are obtained as follows:

   ]%2 -rm

   ]L     2 ==
       '      '       '   Mtss --

   ]%11 ==

   Alhl ==

   ]n, --

   ca1 ==

   )q, =
   2lfks --

   Alhio =

   Mhl ==

   Mts6 ==

   Mls7 '-m

The total

pm-- 50,800.

around '

moments

-l66,600

-161,400

 236,OOO

- 19,800

-529,800

-188,400

1

     ,

     '

     '

     ,

     ,

     )
b5,600,

46,900,

58,OOO,

70,600 ,

10,300 ,

 4,600 ,

    o

  of the

]n, = -121,4oo

11, = - 27,800

]k6 == -166,800

JA,,-- - 29,500

]ks:== 483,800

Mb, == -690,100

M,,== 150,800

jL,= 107,900
Mis, == - 19,800

-Zlfb,,=- 67,100

Mb,== 100,3eO

Jk,== 5,100

'

,

'

'

'

,

'

'

'

jG,

]4,

M,
j4,

J4,

Mts4

jfi2

ua3

]G,

  62,200

-265,600

-3o3,geo

 lol,goe

132,100

 2opt,800

 9,500

go,3oe

    o

441

         sum momentsaroundjointeiis-19,800+70,600
          Therefore distrjbuting this discrepancy among the members

       Joint Oi proportionally to their stiffness values, eorreeted

        of )%ii and Mb,e are obtained as follows:

          .M6n=:-54,900, lldl)ie==54,900

   For all other joints such a correction can be negleeted, as the

amount of the discrepancy is negligible small for all practieal purposes.

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

   Using the above values of moments, the secondary stresses ean

be obtained from equation (q). In Table 16, the desired seeondary

stresses are tabulated. These are given in pounds per sq. in. and also

the percentages of the mean allowable stress of 1iOOOIbs. In regard

to the signs, they are the same as in the preceding examp]e. For

one end of a member, on]y one value which 1'ias the sai[ne property

as of that the primary stress is shown.

   ']]he values in brackets show the values caleulated by the Slope

Distribution Method as follows:

   The caleulation proeedure of the Slope Distrjbution Method is

omitted and only the results of the calculation will be written here.
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Table 16.

Member

Lower Chords

Vpper Chords

Diagonals

Sub-verticals

02
20
24
42
46
64
68
86
Ol
10
13
31
35
53
57
75
Ol
10
14
4!
45
5 4･

58
85
Ol O

O OI

12
21
34
43
56
65
78
87

Mbst dangerou$
    Fibre

Top

Bottom

Bottom

Bottom

Top
Bottom

Bottom

Bottom

Bottom

Top

Top

Bottom
Bottorn

Top

Top

Bottom

Secondary
  Stress

-1131

-1125

  576

-1456

- 112

-1354

 1204

  850

- 821

- 441

-1479

･-2012

  1837

  496

- 816

-2330

  466

  665

 li89

  422

  971

  232

  739

- 252

1038

1268

1354

1468

1895

1707

 655

 727

  o
  o

Percent Secondary
of  Allowable Stress
of 13,OOO Ibs.fsq, in

 8.7 ( 9.0)

 8.6 ( 8.1)

 4.4 ( 6,O)

11.2 (12.9)

 O.8 ( O.4)

10.4 ( 9.6)

 9.4 ( 9.3)
     'st
 6.5 ( 7.0)

 6.3 ( 6.2)

3.4 ( 4.1)

11.4 (10.6)

15,5 (18.3)

14.1 (15.8)

 3.8 ( 5.6)

 6.3 (.7.6)

18.0 (18.2)

3,6 ( 3.2)

5.1 ( 5.6)

9.2 (10.5)

3.2 ( 1.9)

7,5 ( 7.6)

1.8 ('1.5)

5.7 ( 4.9)

1.9 ( 2,O)

 8.0 ( 7.8)

 9.7 ( 7.6)

10.5 (11.9)

11.3 (12,7)

14.6 (12.1)

13.1 (10,3)

 5.0 ( 5,1)

 5.6 ( 5,5)

  o(o )
  o(o )
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   For this truss, the member-rotation angles beeame as follows by

the use of Williot-Mohr's Displaeement Diagram:

   w,2=-549,OOO, ep,4=-441,OOO, w,6==-276,OOO
   SP6s=-96,OOO, Y'on=:-516,600, Wi3=-497,4eO
   w.s==-219,600, ws7==-152,400, gp6i=-46Koo
   Wi,==-360,OOO, ep4,==-213,600, wss=-78,600
   eVoe,==-413,400, Wi2=:-357,600, Y]34=:---240,OOO

   w,6==-120,OOO, W7s-- O
where w denotes the member-rotatio]i angle multjplied by -6E,
   By the Slope IDistribution Met･hod, the joint rotation angles were

obtained as follows:

       opo==158,900, cp2==181,C60, q4=:103,480

       op6=66,910, q,= O
       q7o,==159,500, q7i=168,740, op3==118,680

       qs=61,380, q7== O
where {p denotes the joint-rotation angle multiplied by 2E

   Substituting the above valbes into equation (a) the bending moments

at the ends of every one of members vLTere obtained as follows:

   fik, =: -172,OOO,

   an2 == -18.1,OOO,

   Mk,== 23t5,OOO,

   ]%,i== - 53,300,

   2ifh, = --625,OOO,

   Jk == -228,OOO,

   Mb,=- 119,OOO,

   ]L,== 27,500,
   M,,== 51,OOO,
   M6,o= s3,3eo,
   Mle,= 11,600,
   Mts,== 4,700,

   ]k== o
   The seeondary
･shown in brael<ets in

of the mean allowable

stresses

  Table 20

   stress

ln, == - g6,ooo,

M6 =L- - 13,200,

Mk6 == -181,OOO

Mio,== - 36,2oo,

]13s---- 542,Ooo,

]k, =-700,OOo

.nG,= 166,eoo,

"ua,= 95,600,
Mk, == - 19,900

M.,== 52,800,

]k== 83,300,
Ik,== 5,OOO,

dug to the
   and these are
  of 13,OOO lbs.lsq.

Alli4

]G,

]q,

Mts3

M,
Mk4

M12

Mh3

Afjrs

above obtained

    given in
     il),

= 84,OOO
=: - 241,OOO

= -282,OOO

== 150,OOO

== , 142,OOO

=･ 22,100

m- 10,800
=- 70,700
m-

  moments are
the percentages
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   3. Ntemerical Exa7mple .[]T. Fig.39 shows a through Warren
truss with six panels whieh is quoted from "Seeondary Stresses in
Bridge Trusses" by C.R. Grimm"". It is required to find the seeondary

stresses due to dead load and live load as indicated in Flg. 39.

ptAst6g.o23Aesse25fde6ooo3"rpt6oeaf'

pa

,..ssix

z,i,2ts"N/NseqArc4236

Aes78.57

k.eFisre.k'"k:tces'"es'b'=q','

Ae473fi

Aelas1

ts
i'i>,ts,s"V,",NSte/r/ii"Q･Ae8aes

eslue,ne,72
S,e".$'-..,,}1,':s7s55e8

eer2.22.ne.72

gt,,.,$$?,.,fv"S',

l--3eS8

=..s.

,1,O""',"e'S,","t-X.""ke?.sT?s3888

art--12.0e Sgfi--laeal4ff=lxee

O.Lbl78twOttist78LueVtbs. ysoeotas.

sce72as 7efigefX`'i22:7'sool.o,.--t2b':31IZ22,2,f,-etliliipt

     tLvnE21eoottxs 7is2ooptzas, 7ecooogts. r6zoooth[ neeoottis.

                       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 fi'oiia Fig. 2.

                     1t      pt Agase 3 Azaaso 5 7Axe.se 3 Anaso 5
                                                ,

g
:,

ss"" ssbssR･

tse"ieL･Sl

A=a55

K=e.85

Itll-ENlrttN.･".;t,

A--a55

K=O.85

:.."))si,is)}x･)lness'se-l':

Azaso

o K=ath gAptass ,4) fiea7s s e K=aso 2 K:ase 4
                      t
          Ii'ig. 40. Fig. 41.
    In this example, n, P, at} aAM.ai.and ili,ilr.." beCoMe aS

             n -- 6

             p -- 7s,ooo+162,ooo == 24o,eoo lbs.

             at -- Ak'.a.m..ax' =: <22'64g8]o(Oi80) -- o.26o

ft=mo 6
     l

foIIows:

g
tct

ee P. 104, John Wiley & Sons, New York, 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 whieh value is comparatively greater than that

of the standard truss in which the eorresponding ratio is 1.25. The

effect of a sub-veTtical is proportional to its length and therefore the
                                    tt,.ttvalue of at shall be correeted as foliows:

   at : A`A'.".:.ax' ･ l:Zl, =(o.26o)(o.g4) =o.2"

        a.a.. .., e･8 =o.ol16
        Amax. 69.02

    tlik,ii --2o.s3, liko22, {ik2,4 ==24.oo, ikih,66 =22.66

    iilils3, tllil3ilss --21.77, iili4 :2s.so, liil4il4s lh-12.oo, l:ll22,

    :3ii44 , IIiibll66 =:23.4o

    Substituting

for the through

ments of every

    1%, = 796,200,
   ]k2 == ---917,400,

   Aq, =:-= 515,100,

   ILZI, =- -524,800,

   fi4i,, = -603,600

   IL4 = 277,400,
   M,, == -13,OOO
   ]G, == 100,OOO ,

   nq, == ln,ooo,

   The total sums
respectively -121,200,

diserepaneies among
to their stiflhess values

moments are obtained

fi%i

Mb2
]L,

M,
]h,

 the above values into the numerieal moment formulae

 XVarren truss with parallel chords, ,the bending mo-

member can be obtained as follows:

Mio =
1lflao :=-L

nQ6 =

Mhl =

M4i =

of the

  64,300
 the

   so

  as

858,200 ,

--858,200,

537,200 ,

-55opt,OOO ,

-603,600

211,700

-1,186,600,
-928,OOO ,

-883,700,

88, 200 ,

ua, ="- 1,056,400

]k -- -2,085,600

Mh, = 775,200

ca, == 140,600

 ]4,=127,OOO, ]%,=118,OOO
 ca, == O,･ 1lfk, =:O
 moments around the joints O, 1 and 4 are
    and -73,200. Hence, distributing these

members ayou"d their joints proportionally
 as to satisfy the equilibrium condition, final

follows:

 Ml, -- 191,3eO

 1lfli,==-1,186,600, ]dl,,--1,056,400

 ua,=--896,700, M,,==-2,085,600
 1lfh,==-883"OO, Mb,==775,200

va

'
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   Ml,--265,600, JQ,--101,400, ua,='145,OOO
   ]4, = -13,OOO,

   M,,==98,100, ]ni=:127,OOO, ua,=118,OOO
   J4,=:113,200, ]k,==O, Mk,=:O
                      ,f.i
   All the above moments are given in in.-lbs.
.,,,iU.gge,glme.Og,9･.ka'IU,?.S oflM.o.?,ee, me s,zc,g･,n,kagg,zt."e,gs,gs ,2a,g,,2e,

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 pereentages in braekets are those ealeu!ated

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

                         Table 17.

Member

Portal

Lower Chords

Upper Chords

Diagonalg

Sub-Vertieals

Ol
10
02
20
24
42
46
64
13
31
35
53
14
41
45
54
12
21
34
43
56
65

  Most
Dangerous
 Fibre

Top

Bottom

Bottom

Top

Top
Top

x

Secondary
 Stress

1570

350

-2700

-3720

 3320

 1700

-2000

-4650

-- 1180

-1800

 1580

.- 1230

'840

320

1040

-93

1630

2120

1960

1880

  o
  o

Primary
 Stress

-8900

11500

ll500

12000

-10400

-10400

 l1500

- 5000

l1200

1120D

 Pereent
Seconda･ry ot

 ?rimary

18 (18)

4

24

32 (32)

29 (29)

15

17

39 (43)

11

17 (20)

15 (17)

12

7 (10)

3

21 (22)

2

15

19 (19)

o

o

pt
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          Vil. Accuracy of the Results by Numerical

                      Moment Formulae. ･
   XVhen the truss has the same form, stiffness ratio and sectional

area ratio as the standard truss proposed in this･paper, the grade of

aceuracy of the }'esults can be considered to be the same as by the

Slope Defieetion Method, be'cause, although the eonstants in the
numerical moment formulae xVere calculated by the Slope Distribution

kw[ethod the results by two methods are exact]y the same.

    IEven in the ease when the truss has a quite diffbrent stiffness

ratio of web members and the seetional area-ratio of sub-vertjeals from

thab of the standard truss, the results by the numerieal momeDt
formulae are also sufficiently accurate for all praetical purposes.

    When the truss has rather widely different stiffness ratio ofchord.

niembers and sectiona] area-ratio of chord and web members excepting
sub-verticals the results will giVe also eomparatively approximate values

but a great many examples ol" trusses aetually already constructed
show that the variations both of stiffness and sectional area-ratio in

these members are !imited within a small range.

    The trusses in the numerical examples were all those of actual
bridges taken at random, and their stiffness ratios and seetional area-

ratios are not the sarne as the standard trusses. Yet, the resultsshow

a sufficient reliability for all practical purposes, that is, in Tables 15.

to 17 the differenees of percent secondary stresses of primary or

allowable stress in each of the proposed method and exact one are,

in most va]ues, less than two or three pereent. '

                 Suxxkmary andi Conclusions.

    The general conelusions to be drawn from the investigations
described in･tbis paper are ineluded in the resume below:

    The proposed nearly eight hundred numerical moment formulae
are applicable for the seeondary stress computation of the most com-

monly adopted types of bridge truss, that is, of through and deek
Warren t,russes with parallel ehords, 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 seeondary stresses are

caused, at the ends of any member. It js wo}'thy of special attention

that the labour and time necessary to work out the benCLing moments
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                                               ttat the ends of members are nearly the same as for the primary stress

eomputation, because the required bending moments are to be directly

calculated from the sirnple equation,

           ]L.. == ft(a･n+b)+c" i )-i'" Ilii:a.X.'..{Ii,llll",

 'or ]L..=((aon+b)+c"ai,,)P'I:a.X.'.liil,l,ii",'

where

     ]4.. == bending' moment at the eiid 7n of rnember 7n-n,

    (e,b,c = constant dependent on the kind of trusses,

       n -- number of panels in a span,

       P == intensity ofjoint loads,

           At' amax.
       a't=: Amax･ i

           Ac'amax.
       ac= Amax. )

    a,..., == the maximum seetional area in upper chord members of

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

   At,A.==sectional areas respectively o£ tensile sub-verticals and

           compressixre sub-verticals, '
     rc.n == stiffiiess of member 7n-n in the truss iR question,

     k.n = stifihess of member 7?z-n in the standard truss.

    In this method there is no Iabour to ealculate the primary stresses

and member-rotatjon 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 caleulation of required moments independentiy 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 suffieient reliability for

all praetieal purposes.

    1[]"inally, the author wishes to ofibr most gratefui thanks to Prof.

F. Takabeya for providing faeilities and for guidanee in the comple-

tion of the present work.


