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                     INTRODUCTION.
   With tl: e increase in the actual use in construction of frelmes with

stiff connecting joints, eomposed of rectai]gular elements, the proper

treatment of indeterminate stresses hels been given eonsiderable atten-

tion in reeent years.

   The Vierendeel truss is one of the important examples of sueh
frames. Many authorities have pre$ented various methods of solution

for the Vierendeel truss from the standpoint both of aeeuracy and of
Tapidity.

   ?or the solution of the parallel chord Vierendeel truss with equal

values of stifthess for ali the members, eomparatively simple methods

have already been proposed by iDr. K. IKriso" and [l]. Nal<a,jiiria.*"

   1[Ioweve}', as compared with the ealcu}ation for statically determi-

nate structures, even their methods still require rather complieated
ca]eulation.

    The author's tliirty six new formulae proposed in this paper give

quickly and direetly the end mornents, direet stresses and shearing

stresses in any members and even t,he truss defleetions for paral!el

chord Vierendeel trusses with equal vaiues of stiffness for al] the

members and wit･h full joint loads having equal intensity. These
t'ormulae were obtailled froTn the applieation of the ``differenzen-

gleiehung'' method.

    ,k K. Kriso: Statik der Vierend6eltvEger.

   ** [(). Nal<ajima: Vierendeel [l]russes of ?arallel Chords, Civil Engineerings, Japan,

Vol. VI, No. 8, 1937. ,



    [l]he grade of aecuracy of the results is quite tlie same as by t･lie

slope deflection method and the proposed formulae are also apl.)licable

for the preliminary design of Vierendeel trusses of different stil'fness

in the case of full loads.

    The author gratefu}ly acl<nowledges indebtedness to Prof. F.
Takabeya.

        I. PRACTICAL CALCULATION FORMULAE.

    In the parailel ehord Vierendeel trusses with equal stiffness values

of K for all the meinbers and wjth full joint Ioads having the equal
intensity of -P as shown in 1)"ig. 1, one denotes by

     h the height of the truss,
     R the paBel length of tlie trutss,

     ･n･ the total number of panels in the truss,

     Mh,.e,21d7i･i the moment･s a･t the Jeft ends of tl]e m-th upper

        ' andlowerchordmembei`srespectively,
     ML..r, ]d5i,.. the i[noments at the rig]it ends of the m-tli upper

                and lower 'chord members respectively,
     2[L,,.v, ]rf}ii.v the moments at the upper and lower ends of the

                vertical member m-7-?z i'espectively,

     N,.,2Visi the direet stresses in the o?z-th uppe} and loysTer

                ehord meinbers respeetively,

     (2.,(2T,, theshearingstressesintheon-thuppeyandIower
                chord members respeetively,
     Q,.., the shearing stresses in the vertieal illember m-o?i.

     :y. thetrussclefleetionatthepaneljoint7n.

   '1"hen, frou} the results describea in the tbllowing artiele the
`` Practical Caleulation Formulae" are propose{l for the si[nple and

speedy ealeulation of the end moments, direct stresses, shearing stresses･

and' truss deffeetions as follows:

     ILe'ft End Momenii,s of Chord Mernbers. Coeff'.: --.I'･R

   .illl.i =O.14088n-O.1819 .............................(1)'

   eq.t -- O.12702n-O.<l,551 ............................. (2)

   M3.t '==O.12525n-O.7079 ............................. (3)

   Jll,.i = O.12,o04o･b-O.9586 .........,..........'.......... (4.)

   fi1},,.L-wwO.12ttm-O.25'n?,+O.0416 for 4<o7?,<･n.-4....C5)

   Al;ibl == ]-f;n.･t ････`･･･････････.･･････････.･･t`････････d (6)

t

'
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                   Fig. 1.

 IRight End Mornents of Chord Members. Coeff.:

M.. -hO.109i2nmO.0681 ..........................

ca.. ==O.12298n-O.2949 ... .,..................,.

.Zl.ab.. =O.12i175n-O.5421. ..........................

jq.. -= O.12495n-O.7913 ..........................

jlin,..--' O.125n-O.2:5m+O.2083 for 4<onz<7z-4.

Miii･o' = Mm-r ･,'･････････--･'････-･･････････,.･･,･･

 End Moments of Vertieal Members. Coeff.: P･2

jdb･v = O･14088n-O･1819' ...･･.....................

-Ml.. = O.23614o'b-e.5231 .........................

J.G.. =O.24823n-1.0028 .........................

                            'j,lk.. == O.2･il,979o'b-1.5007 .....,...................

),Li.. -ny O.24996oz-1.9997 ........................,

Jbf;..,=:O.25n-O.5on for 4.<m<??,-4t .........

M7be･v== A-fin'v ････････････-････････''･'･'''''''''''

 I)irect Stresses of chord A･Iembers. coeff ･ .r.E)..:.a..

                             '' h
Ni ==O.28176n-O.;E6b'9 ..,...................,.,.

N, ==O.75404o?,-1.4102 ....,.....................

         'JZVh ==1.･25051oz-,o,."5s .........................

                           'M ==1.75009oz-(i417:i,,........,........,..,...,.

- PtR

... (7)

... (8)

... (9)

... (10)

... <11)
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     N. := ("iZ --o.2s)n-S??z(m-1)-e.4167

                                            '
          ' foi' 4:<772<7Z-4 ･e･･･(24)
     .ZVI., ==-N. .......m..."..-.......-.........., (25)

       Direct Stresses of Vertical Me]inbers.

     ATo.. =ZtLan4!,P tbrlowerjointIoads ...............I(26)

           'n +1
     -ZVb･. =-4---P foi' upperjoin't loads, .....,.....'..... (27)

                                              '              P     .ZV;n.. =T- - 2･- forlov;rerjoint Ioads, for O<vn,<n ., (28)

     N,...-m Ptt-- forupperjoint.Ioads, for O<ni<il7i ..(29),

      Shearing St}resses of Chord Menitbers.

     Q.==Qff, == (O.25･n+O.25-O.5m).Zi) ..................,. (3o)

      Sheari])g Stresses of Vertieal Members.

    (2m'v-mo---73"EILn･v ･･････････e･･････････rg････････････`(31)

                                -Rn2      Hl'russ DefieetioJ}s. Coeff".:
                                E]Ri'
         '
    zii =O.05225n-O.0796 ............................... (32)
                                    '                                            '    Y2 == O.11345nimO.2692 .........,..................... (33)

    y3 -- O.17`578n-O.5820 ............................... (34)

    y4 == O.23826n-1.0194 .....,...........,............. (3",,))

    Lif.=O.2o"826n+O.O(525{(onz-4)(n+1)-on(o7z+l)1---O.2305

       '                                fbr 4,<on<n-4 .....({'6)

    In regard to the eonventi6nal signs of the quant･ities used in the

equations, the sign of the direct stress indicates the properties of the

stress, so a plus sign will then signify a compressive stress and a

ininus sign a tensile stress, uThile the sign of i:noinents and shearing

stresses is eonsidered positive when those stresses tend to cause a

clockwiserotationofthemember. ' '
    Since a truss and its loading are symmetrieal about the span centre,

'it is suMcient to inal<e the caleulation forthe half ofthe truss, i,e, on

the left side of the span centve. '
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   '1)hese " Practieal Calculation 'Formulae'' remarkabl>r simplif.v the

ealeu.lation of the Vierendeel trusses with constant stiffness.

   For ex,ample, the direct stresses in the upper ehord members of
the parallel chord Vierendeel truss with eight panels and with full
lower joint loads having the equal intensity of 1000 1<g are calculated

as foilows:

   1"his truss is assumed to have equal values of K for all the mem-
bers and -IL = 1.

         h,

   In this example,

               n = 8)

               p == looo kg,

               md- ..1
               h

   Substituting these values into the Practieal Calculation Formulae
(20) to (2:')), the direct stresses in upper ehord mei:nbers ean be instant]y

obtaii'}ed as follows: '                                                 -
       M = (O.28176 x8--O.3. 639) ×1OOO ×1 -- 1890 kg (1890)

       IV> =- (O.75404 ×8-1.4102) × 1000 ×1 -- 4622 kg (4620)

       Ak = (.1.25051 × 8-3.4168) × 1000 × 1 =: Ci58S kg (6590)

       JZV4 :== (L75009 × 8-6.4173) × 1000 × 1 == 7;')"S)-), kg (7580)

   [l]he values in bracl<et･s are those ealeulated by Dr. K. IKriso.

II. DERIVATION OF PRACTICAL CALCULA'IrlON
                    FORMULAE.

                   1. Assumptions.

The analysis in this paper is based upon the following assuinptiong:

(1). [Dhe sti£eness values of inembers, i,e., t･he values of moment
    of inertia of sect･ion divided by length are equally K for the

    upper and lower ehords and kK foy the vertical members.
(2). [I]he truss is loaded wjth. jP at every ,joint, whether lower or

    upper joint.
(3), The conneetions between the vertical members and ehord
    members are perfeetly rigid.
(4). The length of a merinber is not ehanged by direet stress and

    the deformation of a member due to the in£ernal shearing
    stress is zero.

'
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         2. Fundamental Equations of Slope-Deflection.

   Aceording to assumptjons (3) arid (4), the moments at the ends

of the member are expressed by the well known slope-defiection
equation:

In this

  ndl,b

 E
  e., eb

Kxb

Rab

Uab =

A B

(IIilA

Ma6

'

mea '-fi-ai-}a6-S-dis
=

-rdl2El)

ta6

M6a

ndrhb = 2EK},b(2e.+eb-3R.b)-a.b

equation, one denotes b>r

 the end moment at A,
 the modulus of elasticity of the

 thejoint-rotation angles at the

 the stiflhess of the member i.e.,

 tl)e section divided by the

 the member-revolutlon angle,

2A l2.b(36-gab)) i']i whiel} A==area

gram of a sirnple beam AB
lab =:length of the rr}ember AB

centroid of the area A from the

         signofthe ''
   explanation as follows:

 momentofamembe}'is '
       rotation. The''
  the angle has turned clocl<wise,

                      e is a
                    b
    direction from the initial

  . ot' t,russes,
  memberscarr>rno' '
  condit･ion, the load term qb
in equation (1)

       Ltlleb=:cpb, -6ER.b==

      equation becomes

   ]4}tb= Khb(2gL'a+{Pb+Wab) '''

FiR･, 2.

-----it-i---e-t (1)

     materials,

  ends A and B respectively,

    the moment of inertia of

length of the member AB,

of the moment of dia-

     The conventional
  require further

     The ei}d eonsidered positive when it tends
  to eause a clockwise Joint-rotation angle is considered
  positive when measured from its initial
  position.[l]heinember-revolutionano"l lsopositiveineaseofrevolu-

  tion in clockwise position of the member.
     Illordinaryeonst,ruction panelpointscarryalltheloads
  and the chord mtermediate loads. In consequenee
  of this loading vanjshes in equation (l).
     Putting

         2-E]ea =qca, Wab, Oab ==O
' the slope-defieetion

                                         ･･･-･- -e･･･ (2)

     due to intermediate loads;

        ; 6--distanee of the.
        end B.

quantities used in the equat･ion

t



      'I.'i'acticalCa}cula,tionFormulaeoiParalle}Cho]'dVierendeelTrtisses 337

   For the iiLember wliich has no niei)rLbe]'-revolutioii angle, the t6rni

Vt,. vanishes and the slope-defleetion equation beeomes

              21.4L,b=Khb(`-)･gL).-I-cpb) ........................(3)

   In Fig. ･3 the intersections of the neutral axes of the chord mem-

bers with the ]ieutral axes of the vertical members are denoted by

O,1,2,...,o'n-l,opz,m+1,...,n fbr the upper ehord paneljoints
           -         t.Land by O,1,2,...,6'n-1,on,'be-ill-1,...,bl-b for the lower ehord panel

joints, beginning at the ]eft and reading toward the eentre. '

                                    '                    .t '                                                    tt . - ']Vi!,zi!ili(kab<ikl::i!i,rw

072mdi1rtmthMMMmil･mm,1

rtK

iK

hK

7K

kK

2K
AM"ptpt-1

Ym

K

Smillllili$>".mYff"titrftKMm"'-K

' k.M M.71
limS"Mth,me-,rPPp

                              n･X

                            Fig. 3.

    Assumption (4) makes tl)e value of W equal both for ati upper
chord i/nember and the lower chord meiinber in the sa:ne panel.

    rrherefore, '-
                  W,n=:ee'ih ････････････････････-･･...･...(4)
                                                   '
where, W. and Wih denote member-revolution angles of the on-th upper
and lower chordi i)tembers ]'espectively numbered from the left support

,of the truss, that is, Wm == Wm-i･m and Wi. --'- Wmm-i･i-･
    For a,II the vertieal methbers the value of w beeomes equal ae-

                                                        ,eording to the same assumption and moreover this value js zero in
the ease of symmetrical loadings as the ease mentioned in assump-

                                                             '    Therefore,
                      Cgu,,,i,i=O .,......,.................(5)

   Next, v;rhell the ehord sections ai'e designed jn order that the

value of stiffness for the upper chord meml)ey may be equal to that

of the lower cl]ord member in the same panel, as the t'russ mentioned

in assumption (1), the values of cp at both extremities of eaeh vertical

member become equal.



   There.fore,
                    {Pm==ovIiz .･･..L....･･..............(6)

   Thus, the fbllowjng reiatioi}s are also given:

                     '
             1'l'ili':i.:/,Ii''/±Sd;'l:i'1'/;1'l l .''.'''''''･'･'･･････.･･e(7)

   Therefore, in the speeial case sucli as the truss mentioned in
assumption (1), the treatment of the problem beeome very simplified.

               3. Joint-Equilibrium Equation.

                                                    '
   At any paneJ ,joint on exeepting the joints at the extremities of

the truss one gets (Fig. t5) '
                    '             lil:Ir7,z+il.li'3iktr(.illtl!I;':,+9:'m+i+cam+i) l ..........cs>

                                       J             nli}..e}t-1 = K(2`P,ii+opMt-1+ Wen)

   Substitut･ing these into the joint-equilibrium condition

             ]l4,z･on+1+AIt;n･s,i+-Zlf;a･o]z-1::O g.･.･.･･.･･..･･. (9)

one gets t,he tbilowing joint-equi]ibrium equation:

          opm-1+(4+5ki)CPon+opm+1+Ul?n+Wm+1= O .･.･･.･.･.･ (le)

   AtpaneljointsOand7?, ,
                    '                                                     '              1,,i .T ,/i,:.xe,'CPi'"'i' ] .........,......... cii)

and
             j-'4t･,t-inv-K(2opn+av??･-i+Woz) 1

             ILe'i,'=3kK4). J'''''''''''''(12)

                  r.
Substituting these into the joillt-equilibrium conditions

                                       '   '             ]dbi+]dl,b=:O .... ......,,................. (13)

             -bLt･n-i-']1;z･n={J) .･･････････････････...･･･(14)
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                                    '
Ji,Oolliot;s9sq:Ui'IibriUM equation at the ext}'emities of the truss are obtained as

                   '
                                       ,              (2+3k)g,+cp,+W, -- O ...................... (15)
              (2+3k){Poz+qn-i+Wn ==() ･･･.････.･.･･･..... (16)

               '4. Panel-Equilibrium Equation.

               '    As shown in Fig. 3, imagining two vertieal seetions very near by

panel points ooz and m+1, one gets the equiljbrium condition of the upper

and lower chord moments: '
                                '
       ]1;iz-m+i+Mm+i･.+]d;ii･-.=,-i+Ad;7iifr-.+Sm+i`a==O ..... (l7)

                               'ov using the Telation of (7), this condition becomes

                                              '              2(]1;n･"z+i+At4n+i･m)+Sm+i'R=:O ･･････e･････(l8)

where ,Sl.,+] denotes the shearing force for the (m+l)-th panel numbered

from the left support of the truss and R length of panel.

          121.Tirlll:i{ij:xe'exeL-li,' l ............. (i,)

Therefore, equation (18) becomes

          3g.+3{p･.,+i+2e,.,i=: -S:ikii!2-- .........'....... (2o)

   In a similar way at the 7?z-th panel,

                                         '          3gp.mi+3op.+2y]. =,, ny 8in'Z
                                    .................. (21)
                             2K

   Equations (20) and (21) are ealled respectively panel-equilibrium

equatioT)s at the (?n+1)-th and m-th panels.

   Summing up these two equations gives

      '                                                   '   3g.-i---6q),n+3gp.+it2gY,.+2SPi.+i =-Ei/il?(S.+i9;.+i) ････(22)

   At the panels of both'extrernitjes of the truss, the panel-equili-

brium equation             becomes
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                             S!･R '                             2K ･･`･･`･･････････`･･･(23)              34)o+3gDi+2Wi =-

              5"SPn-i+t3op??.+2Wn = MS2"kR ................. (24)

                         '

                S. Differenzengleichung of gD.
     '
   Eliminating W from equations (10) and (22) gives

                                  2       , q).-i-(2+6fe)op.+{p.+i=-2K(S.+S..i) ･･････(25)

                        '
    '
[J]his equation is a difrerenzengleichung eontaining a series of unknown

   For the full joint loads having the equal intensity of .P as ]'e-
lated in assumption (1), shearing fordes in the (on?,-1)-tl/, ca?.-th and

(m+1)-th panels are expressed as tbllows: ･
                             '                  '           ' ,Sn-i=`P(--2!"`2i/l---(m-1)]

             s. --p(""5-L'-o?zl . .............(26)

              S.+i == .Z[' ( "'-2-'1 --(o?z +l)]

"rhere n, denotes the tota} number of panels in a span.

   Therefote ･

                 Sm+S.+i = P(n-2m)
                                    '
, Substitutingthisvaluejnequation(25)gives

                                                      '                                 A                                    (n-2on) ........(25')          cp.-i-(2+6le)gp.+gp.+i = -
                                 2K

    Next, eliininating Wi from equations (15> and (2;S) gives

                             '                         '          -(1+6k)op,+q,=---g.k2-- ...........'...........(27)

O1'

          m(1+6le)opo+gi "= - -2A-K-(n-1)' ................. (27')
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    In a similar way, eliminating W. from equations (16) and (24)

 .

       ' -'(1+6k)gPn+9n-i=="-//tii(l7 ･････････････････････(28)

           '(1+6k){pn+9'n-i== 4{3f(nfi1) ････････････.･... (28')

                                        '                                          '
    Equations (27) and (28) are the boundary eonditions for the dif-
ferenzen.g.leichung of (25).

                      '
         6. Particular Solution of Differenzengleichung.

    A particular solution of the above obtained differenzengleichung,

that is, the value of g. in the case when the loeai effeet ofthe
non-unitbrinity of structure at the ends of the truss depending on
the abrupt change of the boundayy condition is negleeted, is obtained

    A partieular solution of the above differenzengleiehung js to take
t}he forl]n

                      gp. =L- a7?z+b ....................... (29)

where a and b are constants to be determined here.

   Substituting this equation in (25') one gets

   '       '   ct(on-1)+b-(2+6k)<am+b)+a(wz+1)--b == ---iPikZ (n-2'm)

                           'Oli

                  APa ･   -6ka7??,6- k:b = -- K. m - --2K-??･ . ･････-･･･････････T････････ (30)

   TherefoTe

                  ･-6ka=. PA..
                          K

                    672;b=PRn -
                          2K
OI'

                  a=m M
                        6kK
                                 ...............･....,.... (31)
                  b== 12-IKIR,tt---n .
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   Substituting these values in equation (29) a particular solution is

determined as follow:

                                          '                      I)a                {Pm=: rz'k-Kr('i-27)?) ･････････....,...... (32)

                               'O1'

                {Z'm = 12k2K-.---<S.+S.,,) .............,... (32x)

                                                  '                                         '                                 '
   In the speeial ease of k: =: l,

                (p.=-1-P2-/ft-(n-2m) .....................(32t,)

   Substituting equation (32') in･ (21) one gets a partieular solution

t'or the member-revolution angle W.                              as foIlows:
       '                       '
      'il23)etTK (Son + Sm-i) + 'i'23kRK (S,n + S,n+i) + 2su. - - g"KzR

                 'or
         '       Wma -rp - skZK(Sma-i+2Snt+Sln+i)- tii:il}R

                     '                           '
   NVhile, frotn the relation of (26) one gets

                    Svn-1+ S7n+1 == 2S"i

   Therefore

             u"tn = h'tt''R'"( Sft, +'nl-.) ････････････････････ (33)

             '                                   ttO].i

                                            '             Wm=:-"PK2-(-i'z-,-+Ll')(2nv?"l;'1-b??･) .........(33')

   In the sl)ecial case of k == l,

             w. :--//7(--S'" -o??･+-l;') :.....･.......... (33!').

   Substituting equations (32') and (33) in the equations

              ]ln-i･o?t === K(2(Pm--i+{Popt+ Wen))

              JIin.4,,-i == 1{7<.2ev.+sp.-i+W;7z), '
              ]f;n-f",i ==3foISIipm
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the moment at the Ieft and right ends of the 7n-th upper ehord
members and tl]at at the upper end of the vertical m'ember m-itii

become as follows: '                       '   tt                                                           '
    ;IIm-i･on==l4n-i = 2('ttlz,-S"trri-('-4'lk'l'"f-'t/'-)S?n+i.l,n,,Sm+i] '''' (34)''

    '
                                             '    "L･i-i･on == i}･4n･t ==`PR('k"'"･-'lii;'))i･mui"S''z,+"II.r) ････････････ (34')

                 '             '
    -ML,1'･vrtL'i=! lll;n.r == ,'t(i21-k'Son-i-(L41k, +-i')S'nz+ 61k"S7n"i] '''' (35)

                                                        '
    M･m,7ib-i '==: 21'4n･r = wwA(Tlll;i'n･-QLm+Lt21"'le'+Li'l;-1 ) ･.,,.,...,... (35')

                                                          '    ･21Ln･;i,lt =jl;n･v == -4'7(Snz+Sm+i') ･････････････････････････ (3'6)

          'or
    ]Ln･fi,t ==j4n･v= :ZJII(t7?'-'//,"M) ･･････'･.･･.e........... (b'61)

    In the special ease of k == 1,

                                '    Il,Ln-i･7n == JI;n･e :hAl(g.''ibmIlc･m+-2t-14--) '................ (34")

    A'Ln･,n,--i== j4n･r =: -IM('-k'-="n-tl vv'b+'tt/"l") ･･････････lo･････ (35")

   t tt

              '    J.4n･?-n==]1;,t-･v =' Pa('li/'nny'l'"m) ,･･････.･･･････.......... (36")

    The above obtained expressions of .i]1;.mi.., .Zld)n.,.-i and "i;i4n.dit are

applieable ii? the ease when the local elibct of the non-uniformity of

structure at the both end.s of the truss depending on the abrupt
ehange ol' tl}e boundary condition is not taken into 'consideration.

But tbhis effeet is eonsidereCl to be negligibly sinall for the end

moments of members whose situation is over about four panels distant･

.from the ends of the truss and therefore, for $ueh members, the end

moments can be easily and direetly calculated from the above obtained

fromulae. '1]hese formulae are all linear about 7?,, namely t]}e end

moments of any iinember var'y linearly by the increase of the humber

of pane]s inaspan. ',
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                                          '                                       '
          7. General Solution of Differenzengleiehung.
                                                            '                                                           '
 ･ For the local effeet of the noi}-uniformity of structure at both

ends of the t･russ, depending on the abrupt ehange of the boundary
condition, equations (32) to (3"6) whieh were obtained as the partieular

S.Oie"tlll'iOe",s`if,alii£l/l?,gei,iill?i",ggefiCthhgi]tg,.,O.vl' (25) aye not appiicabie to the

  ･ IFor the mei:nbers near each end of the truss, un]<nown quar}tities

shouldbefoundfromthegeueralsoltttioD. ･
    1]he generai solution* of the differenzengleiehung of (25'), that

js, the value of q in the case when the loeal effect of the non-tmi-
formit,y of strueture at both ends of the truss is t･akeninto considera-

tion are obtained as fo11ows:

    A eharacteristie equation of the differenzengleiehung of (25') is

                  72-2(1+e3'k;)7+1==O .......,...........(37)

    Let･ 7! and v2 be two roots of t,his eharaeteristic equation, t,hen

the general･ solution is to be eNpressed as follows:

               '                  (7),n =4,,,,+a171"Z+C'2v2M .......,......... (38)

"There tt. is the partieular solut･ion. '
    The second and third terrr}s in the right hand side of the above

equation represent the effeetL of the non-unifori:nity of strueture at

both ends of the truss and the eoeMeients Oi and C!i are ones to be

determined from the boundary conditions of eq{iations (27') and (28').

    For the Vierendeel truss with equal values of stiffness for all the

inembers and with full joint loads ])aving equal intensity of .P,' dif-'

ferenzenglejchung, partieular solution, charaeteristic equation, general

solution and boundary eonditions beeome as fo11ow:

                                                     '    Differenzengleichung: {p.-i-8cpo.+q,m+i=-2PK,A(nr-27i?･)(39)

    Particularsolution: g-,.=I-t2K-.--(n'-2'm) ........-･････.･(40)'

                                                            '    Charaete}istie equation: ' or2-87+1 ==.O ........i...... (41) ･

                                                             '    General solution: .',w,,, == ii21.ie:(n-2on)+C'ir>t"ib+C2r>t2o)L .',.. {42) .

       '             '                                lt                       ttttttttttt t
[pheoacril[lahig,Fll:ti].;'on8tireuikl.iot:iaeiAe.n ])ifferenzengieichungen und ihre Anwendung in der
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   Boundaryconditions: -7ope-l-opi==-E/lli7il{.nml) ････････C43)

                       .m                      -`q'n+qn-i :L- <rK(n-1) ..,..... (44)

                                         '   Solving the eharaeteristic eguation of //41) gives ･

               ryi -- 7.872983 }
               72-hO.127oi7 f ''''''''''････････････. (45).

   Substituting these values in equation (42), the general solution jn

the ease of le =1 becomes

           A      {Pm==l2K(7i-277z)+7.8729837}zC,+O.1?7o17mcle .......(46)

O1'

                  '      cp. == IP21i}-(n-2m)+O.127017-mCz+o.127e17mc2 ......t (46t)

   'From this equation

      opo =iiilllikn+ci+c2 )
          '            .I )R      {Pi=:12k-(n-2)+O･127017-iC,+o.127ol7c,, ,

                                          >..... (47)
      `;Vn-i=Liitilii(2-n)+O･127017'-'zCi+O.127017,bmic,

      q}.==-tt--,n+O.l27017rm'nOi+O.127017'iCli J
             l2.K ･

                                              '                          tt   Substituting these equations in the boundary eonditions of (43)

and (44-), the simultaneous equations by which tl}e coefficients Ci and

02 are to be determined are obtained as follows:

                                                '  ,:.>.s72gs3'c,-e}･s72PS3Cz==j'i'!llZir(3n+?> l

 -6.s72gs3 x {m.27oi7mnci +o.s72983 × O･i270i7"C2 == -i51-Kt-(3)t･ +5)i

                                '                             . ........ (48)
                                               '                                      '
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Solving

                                             (3n + 5)  Ci k
       O.762099 x O.127017n-4.723789 × O.127017-n 12K
                                                     (49)
           -O.872983+6.872983xO.127017m AR                                             (3n + 5)  Cli
       O.762099×O.127017n-4.723789×O.127017"'n12K

. Substituting the above values in equation (46'), tl}e general solu-

tionisobtained. .
   In tdhe expressions of Ci and Cli,

          o,8729s3 x O.12'Lt'O17n C 6.872g8t)

          O.872983<K6.872983xO.127017-ot .,... (50)

          O,762099 x O.12701lei 'n K 4.723789 x O.127017-n

   X"herefore the values of Ci and C2 iinay be simplMed as fblloxNTs:

                            '
              :'L gi,gOi'iillPi 511 1/,2K.-::".i,I'] ] (si)

   Using these values, the general solutjon beeomes

   gL'. == -{llllili; {(n---ny2o7z) + O.145197(O.127o17n-`m-e.127o]77n)(3n+ s) }

           '                 '.･ . ........(52)
   In the ease when the total number of the panels in a span is
eompaTatively great, the above fbrmula beco!:nes approximately as

.foIJb"rs: ' ･ ･

   In the case of o}z<:2?'?",

   t)D.==iS-li}{(n-'2m)--O.14tT)497×O.127017m(3n-p5)} .,.....,(53)

   In the case of w?J>-･Eni,-,

               ll]. Sakai.

the above simultaneous equations

--- 6.872983) + O.872g83 x o.127017n

glves

   Pz

'
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                                                        '
   gD.== lgk-[(n-27?z)+O.145497×o.127o177t-7}t(:sn+s)} ...... (s4)

                                               '                                         tt
   IEquations (53) and (54) are the formulae which 'gjve the values

ofjoint-rotation angle in the case when the local effeet of the non-

uniformity of structure at the ends of the truss' is taken into con-
                                           esideration. ･
                                                           '

        8. Derivation of Practical Calculation Formuiae

                       forgD,WandM. .' .

   From equation (,t)3), the joint-rotation angles, near the left end of

the truss become as follows;
                                          tt
                                  '                                                            '              g,=- PK-R(o.O{L6967?,-O.06o6.) ......i"........(Eis)

              {z,,=--tt-2--(O.078717z-O.1.744) ................<bv6)

              cp2==-2-K--2-(O.08274n-O.334:3) ................. (s7)

                                 '                                       '              op,:==-,PiZCO.08326n-O.5001) ................(5s)

                                          '                   '                          '              gp, == -'Iii--(O.e83327?,-O.C.3667) ...,............. (59)

                           '                                        tt
                 '
    In the case of 7n>4, the value of -CO,145497xO.127017m)(3o'v+5)

in equation (53), that is, the effect of t･he non-uniforihity of struc-

ture at the left end of the truss becomes negligibly smail compared

}vitli the value of' (n-2nz) and tl}.ereby the equation becomes

    ' ge?n==i5.llK(?v-2'??z)････..･........:.....,...<6o)

                          '
    This forrnula eoineides wkh tlie already obtained equat,ion (32").

    Sinee a truss and its loading are syxnmetrica] about the span
g2･,¥,`'r8f`,ue, ,e,a.iZ",iZklO,･"b,O'.,S`;.,e,,,tlgint-rotation aiigie at the right hand

 ' The above formulae (56) to (60) l)ave a very simple foriin and the

value of cp varies linearly by the jncrease of the total number of

panels in a span.
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      [Vhe Author calls these formulae ``Practieal Calculation Forinulae

  of Joint-Rotation Angle''.

      Substituting these Practieal Caleu}a,tion Formulae of t,he joint-

  rotatjon angle in equation (21), that, is,

                     '            '             3{Pm-!+.3CPm+'2Wm mww -'t'i"K'i2."

             yj. ==. -g' ({p.Hi+q.)--t-'EKi---(n-2ir,b-o ........... (6])

  one gets the Practical Caleulation Formulae of the member-revolution

  angle of t･he members near the left end of the truss as follows:

                 y,, = - --f[-IR---(o.3'ls'son--o.477s) ..........,.,. (6'2)

                                               '                             '. vi, -= --tk--al-(O.ti)67177･e-.1.1:,S80) .......,...... (63)

                sy3 -- - 'l-Iil----(O.374oon-.1.s766) .........,..... (64)

                        A                        K--(O.37487n-2.6252) ,............. (6s)                W4 ==-

                w,. ti: - li](ll-(O.375n-O.7t).+O.375) fbr 77z>4 .. (66)

                            '
     Forrnula (66) eoineides vL,ith eg{uation (33").

     In a simi]ar way, substitut･ing the Praetieal Caleulation Inormulae

  ot' q, and W in the slope-deflection equation the Praetical Calculation

  Forinulae of the end nitoment,s. of members can be obtained as shown

  int･hepreeedingseet･ion. . ..
                             '                                         '                                                          '   - 9.IE)erivationefpracticalcalcuiationFormulae

                         for N,Q and pu.
                   '                                                          '
 ihg ,TtP.,e,,r,e,la,t,iO.'iSb,a".}bOt:I.,tldie,,e"le1)lllrr.i.o,IJt.e"ts, direet stresses and shear-

     Mal<e an imaginary vertieal section near to joint w?,-1 as shown

 jn B"ig. 4 and .gl.i.g...Slie upper and lower el]ord ver>r near to the

 'vertical (7n-1)--(･m-1)･. [Vhen, equilibriuin condit･ions of =H == O a,nd

.
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                                       '
                                     N.=-IVi77i ........ (67)

                                 ' and
                               de                                     ]fL,z･e+ 1･Ln･i ==(Wlm-i--ZV"zlb)

                                                 .,...... (68)

                                    where EM,.-i denotes the bend-

                                    ing moment dut･ to the given
                               'Vts load system at t･he paneljoint

                                    'Tn･-1 h'x the case when the
  Rt                                    truss is assumed as a simp]e               Fig. 4
                                    beam.
     Equation (67) shows that the direet stress in the upper chord

 member is one of compression while that in the lower ehord member
 is tensile. Their absolute values are equal in the sai:ne panel.

     When the chord seetions are designed in order that the value of

 stiffness Ibr the upper chord ･member may be equal to that of the
 lower chord mernber in the same panel, as the truss mentione(l in
 aeSqSiliilltiiPollO(i6is()1)k',eetohfiii'eeseXiStS tlie i'elation of equation (7), [l]herefore,

  .1･ 21L,L･i=ll-Ch･i='/5(EDIm-i-'.ZV4.h)........,....(69)

           , 'ATm =='//i'(EP??n-1-2Mon･l) ･･･････････････-･･d(69t)

                                            '
     It] a siinilar xvay, one gets

                Mnz･r= M/iz･7' = '''l'-(Nnl,--9)l･"b) ･･････.･.･･.-･ (70)

                              -

                A71m --'n,un(2Mm･r+W?m) ･･.................(70')

     Next, considering two imaginary vertical sections llear the panel

 joint m anct thLz at bQth sides of the vert,ica,l member on-itiiz, the

 equilibrium of forees aeting on this vert+iea.1 member and the relation

 represented by equation (7) gjve ･
                              h                AtL,t･v==ll4lii-v==h2(Nm+iny"ZVIn) ･････････････(71)

                             '                                         '
,,6 ggfiefijds,riitg, me,lmzg,g?.a,rg',7e,sc,ieag,℃e,men,#.i'egr, ¥o.)Li,gh:,2:･.d,s gi

 this member gives

tt'iliiiiililllllillll2illliiiiillliiili"11i･

t･･･...,ii.iiii,l.i.,ltr' 'vtsy"'

Mm･l
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n

------ pt
Mfi.l

m-2 V7Z-1
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P



350 T. Sakai.

               QmR == nv(Mltn･i+Mm･?')

Substituting equations (67) and (70) in the qbove equation, the shear-

ing st･ress induced in t･he upper chord member beeomes

                     1               (2m == 2a(M?m-sw?m-i) ･･･････････.･･....... (73)

Also, there exists the well known foIIowing relatidn between SZI?,. and

S. vLrhere S. is the shearing force in the onz-th panel in the ease

when the truss is assumed as a simple beam:

                                '                       '                                                     '              SmA =" !I)?m-EI)?m-1 ･････.......･･....,..･..,.. (74')

   Therefore
                      '               Qm =i Ll}7Sns ･････････-･..................... (72)

   In a similar way, eonsidering the equilibrium of forees aeting on

the lower ehord iinember one .crets

               Qi- == ;8nt ･････････`････････････-･･･････.･ (73)

    Considering two imaginary horizontal seetions near the two ends

of the vertieal member o7z-i7z/, the equilibrium of forces acting on

                                                       ttthismeiinbergives '

               Qm･vh == -(Mm･v+M/i,-v)
O1i

                         2               Qon'v' = -Lil.J,0-f}n･y .････････････.･.......... (74)

                                '                                 '
   Substiituting the relation of (7.1) ii} t,he a15ove equation, t,he shear-

ing stress which aets in the vertical member mroMn can be expressed

by the foIIowing equation, too:

               Q?n･v=N;n-AII?z+i ･･･････..................(74')

   At the last, considering the equilibrium of forces aeting at panel

point "'t, t,he direet stress indueed in the vertieal member m- M, ex-
cluding the vertical meinbers at the two extremities of the truss,
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                  -Ar..,, + (?.7,- C2eh;-, -.P = O

OI'

                  HALn}'v == Qsi';'i -(I}"t+P
Ol'

                          1                  -Nm･v == 'L///-(Sm+i-sSlne)-1- .P

                          "
   NVhile,
                        eq+i = ,Sstnz uaP

   Therefore,
                       P          , IVL...=--2- (tsension) ....................(75)

   In the case when the upper chord joints are loaded and the
lower chord joints are free from loads, the stress in the vertieal

member 7n-ilz beeomes

                     .P              N.,.==-2 (coinpression) ..･................(76)

                        .t

    For two verticals at the extremities of the truss, the direct stresses
6hn be expressed as foIIows, eonsidering the equilibrium of forees

acting at the joints at the extremities.

                     1              .ZVb... =-- -2--(R,-Ri)

                        . ........................(77)
              Nn･v = Hllt' (Rr-PI,)

where Ri and R. denote the reaetions at the left and right supports

of the truss respectively and .l]b and k denote t/he joint ioads at

joint O and n respectively.

   In tlie ease when the upper ehord joints are loaded and the
lower chord joints are free from loads, the direct stresses in tdhe

vertieal members at the extremities become

                     '1   , A'la･v=Llli-(Rt+R))
            ･ ...............,..,,,.. (78')
                     1                   ='Ml2r(lt,- + ll,)              IVh ･.

                          e
where A and L, denote the joint loftds at ,joint O and n respeetively,

   In the above obtained relations, EM. and S. are to be given as
the l<nown values for the given Ioading system. In the ease when



352 T. Sal<ai.
                '
the lower or upper joints are fully loaded with loads of equal in-
tensity ot' P,

               EEYt.=tl--P(rt-l)?nR-Pl1+2+....+(m-1))R

                 .-th(eon･(n-i)--5-on(･m-i)] '･

OI'

                     1               ED't.==--2--llt{'m(n-･m) ....,..................(79)

    '

    Regarding the value of Si,,, it is expressed by equation (26) as

already mentioned,

    Therefore, .if the end moments are solved, all the other quantities

irna･y also be deteriinined and the shearing stresses in chord members

and direct stresses in the verticft1 member ean be directtly det･ermined

by panel shear and joint load.

   Substituting the ?raetical Calculation Formuiae ot' the end mom-
epts into,equation (69') and (70'), t,he Praetical Calculation Formulae

of the direet styesses ean be obtained. For the shearing stresses the

I'ractieal Caleulation 'B"orinulae are also determined using the above

obtained relations.

    [Vbe Practieal Caleu]ati6n Forinulae of t}}e truss defiection ean be

derivedasfollows: ' .                                                         t   Between thqe vertical defiection at ,joint o}z with respect to ,joint

7n-l, cl., and the member revolution angle w., t,here exists the
following relatjon:

                    '                  (l.= IL]..z or'-Lttt-R.L

                                                    '
                                                             '
   [li'herefore, the truss defleetion at jojnt m, y., js expi'essed as

                         '               y?n=:.lil.ll.,cim or -Tr"'6w21z-v,,li,li=,w?n ･･･････････････(eO)

   Substituting equations (62) to (66) into the above equation, the

Practtieal Caleulation Formulae of truss defleetion can be obtained.

   ]lvery one of these IPraetieal Calculation Formulae in the case
when the stiffness of all mei:nbers is equaily K is given in the pre-

eeding section, For the case when the) stiffness is K' for all the

chord tnembers and kK for all the vertical members, the ?ractieal
Cal6ulation IBioriinulae may be derived .in a shnilar way if neeessa･ry.
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    III. ACCURACY OF r]rHE RESULTS BY PRACTICAL
               CALCULATION FORMULAE.

   In the aetual ealeula,tion, the I'raetieal Caleulation lt"ori:nulae give

v,ery good results for even a truss witl] as f`ew panels as three or four.

IJior example, in Table '1 there are shown die values of the direct

stresses by the aetual exact ealctulation and the PractGcal Caleulation

IIiormulae proposed in this paper. ri]]}e va,lues in a, brackets are those

caiculated by the IPraetieal Calculation Formulae.

   [l]hese results show that the result by the pro])osed IPractieal Cal-

?,kiga/;:imt bllil9.i'maulae have yeliabiiity to the fourtl) or fifth figures of

Coe'ff.

Table 1.

   P2

   h
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in Span: ･n,
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   .x"i : l･v,,,
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              I
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       s  O.4839l O.8710
 fsigggg)l (?iggg?)I
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  1.0451 1 2.3607
       1 (1.0449) I (2.3600) ･
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l

I
[
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 2.8402
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 5.3371
(t).3378)

 6.5883
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(39.5833)
67.0833
(67.0833)



354 T. Salcai.
              SUMMARY AND'CONCLWSION. ,
   1]he general conclusions to be drawn from the investigations des-

eribed in this paper are included in this resum6 below:

   [I]he proposed Praetical Calculation Formulae are applieable fbr

the computation of the direct stress, end moment, shearing stress
and truss defleetion for the paralled chord Vierendeel truss with
equal values of stiffness for al] the members and with full joint loads

having equal intensity.

   !n･ the design of the Vierendeel trurss with different stiffness, it

is eustomarily assumed for the preliminary design that all the mem-

bers have the same stiffness value and thereby the Praetiea,1 Calcula-

tion Formulae must conduee to this purpose, too.

   [l]he speeial feature of the new method consists in tihe remarl<able

rapidity of the calculation. Calculation time estimated is gjven in
  'minutes, because the required quantities are to be directly caleulated

froi:n the very simple linear formulae.

   B>r the proposed Practical Caleulation Formulae, the selective
caleulation of required quantities is possible independently of the

other quantities, seleeting any desired ones and there is no labour to

solve simultaneous equations.

   [l]he results by the proposed Practical Caleulation Formulae have
reliability to the fourth or fifth figures of the numbers of results･

   With regard to the Praetieal Calculation Formulae for the maxit-

MUm stress due to a live ]oad, they will be reserved for sorne future

paper.


