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                    Ratge et Stfiffuesse

                               By

             Prof. Wukuhei Wakabeya Kogakuhakushi.

                      (Received December 25, 1929)

                          INTRODUCTORY

    The coeflicients derived from the computation results of the joint--

rotation angles, especially relating to the multiple storied building frames

with a large number of bays, are the chief object of study in the present

paper.
 '
    The investigation of the effect of vettical loads and also wind loads on

the elastic deformations is of the utmost importance for the analysis of

the statically-indeterminate structures, while the notice of investigators

seems especially to have escaped up to this time, the exact solution of

multiple storied frames with a large number of bays.

    The Mechanical Tabulatlon Method facilitates the process of finding

the equiljbrium equations from vLrhich the unknowns are to be determined.

For example, the complete calculation of a twenty storied building frame

with ten bays, carrying loads distributed vertically and symmetrically on

each story in the same manner, was accomplished by a single person within

about seven hours, in a single day.

    The calculations performed during the last few weel<s in the direction

mentioned have been collected in the present note.

    First we solved the above problem oE a twenty storied frame with ten

bays and secondly the similar problem of a six storied frame with txKrenty

bays, both under the condition of constant K, i.e. constant value of rnoments

of inertia divided by the length of the members. Next, as a combination

of the above two, the similar problem of a twenty storied frame with

t'wenty bays was tried. It was found that for such problems it might have

been more pfactical to make the calculation proceed as the extension of the

first problem above mentioned.
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    The relation between the individual coethcients in the last problem, may

Iead to the solution of the similar problem of an infinite number of stories

and bays under the rigorous estiination oti the unl<nown slopes, with striking

facilityaswellasspeed. .
    Finally we treated a twenty storied bent with three bays, carrying a

horizontal load concentrated at each joint on the left-hand side of the

structure.

    As appendix we add sixty tables of the utmost importance for the

calculation of the statically-indeterminate stresses in question. The dia-

grams in the tables show the relation between the value of distorsions and

numbe]: of bays as well as stories for any rectangular building frames with

constant moments of inertia divided by the length of the members. From

the diagrams we may determine the values of slope and defiection, with

which directly the value of joint-moments may be estimated and at the

same time, some characteristics of the variation of elastic distorsions may

be cleared up.

    The present calculations have been made by the effort of my assistants,

Messrs. H. IV[atsuzaka and S. Ono, to whom my thanks are obvious,

        1. TvliENTy SToRmD BulLDING FRAME wlTH TEN BA¥s.

                LOADS VERTIC:AL AND SYMMETRICAL.

    A proceeding paragraph by the present author in the Wemoi7's, con-

tains the derivation of the joint-equilibrium equations to be used to solve

the general case shown in the accompanying sketch (Fig. 1). This fran:Le

carries any system of the same vertical loads symmetrical on each bay of

equal length. .'
    This exact solution, with the same accuracy as by the Slope Defiection

Method, seems to be quite a complicated and tedious problem.

    But the Mechanical Tabulation Method determines with striking

facility, without any calculations, as many simultaneous equatioris as we

have unl<nown slope terms to solve for.

    Moreover, the Mechanical Tabulation Method accompanied by the

process of Repeated Trials solves the same problem with the same accuracy

as by the process of elimination, or perhaps with more accurate results,

because it may be said that it is very interesting to find that a solution of

a large set of equations, e.g. sixty, seventy and more may be obtained
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approximately even by the process of elimination, on account of the errors

accumulated by the neglecting of the higher decimal part during the

successive numerical calculations and the capacity of the calculating

machine being limited; while for the process of Repeated Trial, slide-rules

are employable for the true values up to three figures: e.g. O.149 instead

of O.1491347.

    Thus continue successive substitutions until all the values of unknowns

are obtained expecting to repeat the trials many times until approximately

equal values are obtained at least two successive times after the first, Then

the results obtained are nothing but the true values which must coincide

with the results coinputed by the process of elimination, however, the results

are carried only to the third decimal place.

     For practical purposes, the above mentioned calculation results are

accurate enough to apply, if in the case where the purposes require the

further decimal part of the data, it is a trjfiing matter to continue the

 same process of calculation, considering the obtained results as the appro-

 ximate value of the unknowns.

     For the frame shown in Fig. 1, we may write out, by the IV[echanical

 Tabulation Method, with no calculations, the hundred simultaneous equa-

 tions for the hundred joints in a systematic arrangement and in a sym-

 metrical relation as shown in Table I.

     In the Mechanical Tabulation Method, it is a small matter to fi11 in

 the numerical values of the coeflicients for any particular equation involving

 the unknowns, and as s6on as the mere writing operation is done, the process

 of Repeated Trials is available. For the computation by the process of

 Repeated T;ials, the form of equation (3) given by the present author in
 the preceding paragraph Ebove meiitioned is practical, e,g, for joint 1 in

 Fig. 1 we get the equation:

               pa.･o

               (pi (6) + epz = ri

     For joint 2, we get the equation:

               9D
            opi+9D2(8)+op3=T2=rO fortheframeofequalbays.

･,-,' ,,Eftfiww:'lib,'i::mq.%at,i//g,s,lo,,"se.iec",t.s.e.g.g,,kh?,si.flg,S2.e:l

   '                          '
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           '

the joint under consideration. It may therefore be very easy to get all

the joint-equilibrium equations by mere looldng at the joints and the

boundary loading conditions shown in Fig. 1.

    To the computor who is quite fami]iar with the method, it may be a

matter of no great diflficulty to make the calculation proceedl considerin' g
Fig. 1 itself as if it were a representation of one set of the simultaneous

equations, without writing any equilibrium equations. The author thinks

therefore that it may be very practical and of much importance that as

soon as we have the sl<etch of the building frame upon which the joint

numbers have been indicated, the sketch itself vLTill show directly the repre-

sentation of the joint-equilibrium equations to be used to determine the

     The calculation results with multiplicator: C, by the process of

Repeated Trials are shown in the left half of the sketch (Fig. 1).

     The joint moment ltf]-L, is given as follows:

              '           '27di'I-2=2opi+q)2---C '

                   = i2(O,14913)-O.O174-5-1] C= - O,719 C

              1(-o:=:2qi+ opio= [2(O,l4913)+ O,12253i C

                   == O.421 C

               n4-,---2g.L :::O.298 C

etc.

     For the case shovLTn in Fig. i, there is a fairly regular variation in

 the coefficients from joint to joint. The elastic distorsions at all the joints

on the first column line from the left side of the structure, are of positive

 rotations and those of the second column joints are negative. Except at

 the joints of the next to the top floor, the elastic distorsions occur in the

 same direction on the same coluinn line, positive and negative alternately,

 because, very jnterestingly the elastic distorsions are irregular at some of

 the joints on the next to the top fioor.

     In the author's experience, the coeflicient O.149 is the definite number

 at joint 1 for an arbitrary multiple storied bent with multiple number of

 bays. The coeflicients atjoints 1 to 15, i.e. at thejoints on the lower three

,stories, are different but in definite relation to each other. The coeflicients

 at joints 86 to 100, i.e. at the joints on the upper three stories, are also

 different but definitely related to each other, while all the coeflicients at

 the remaining joints have a fairly regular variation and are considered as
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             '
constant numbers for multiple storied frames in question. For example,

for a frame of ten stories and four equal bays, with constant K, as shown

jn Fig. 2, the elastic distorsions have the values written in the figure at its

corresponding joint. But these constants are practically derived at onc.e

from the results in Fig. 1.

    It may be said that it is a matter of great importance as well as very

interesting that the number "13" comes frequently in the calctilation restilts.

Readers may have already noticed from Fig. 1 that the joints on the com-

paratively central stories have approximately the following values:

                                                        '            O.13 -O.O13 O.OO13 '-O.OOO13 O,OOOO13

    All the joints on the lo.wer floors deviate from the above said

constant values, on account' of the fixed condition at the foundation and

for the similar reason, the joints on the upper floors are effected by the

free condition of the roof.

    By this example it may be said that the coefificient-variation in the

direction of height has become obvious, while in the following problems,

the coeflficient variation may be cleared in the horizontal direction.

                                                  '
                            '
        2. SIx S'roRIED BulLDING FRAME wlTH TwENTy BAys.
            '                LOADS "V'ERTICAL AND SYMMETRICAL.
           '
    Fig. 2 shows a symmetrical building frame of twenty equal bays, six

stories high, carrying loads symmetrical and vertical on each girder of

the structure.

    Calculation similar to that in the above problem determines the

unknown slope terms as shown in tlie left half of Fig. 2.

    Readers may find in Figs. 2 and 3 the following abridged notations:

            O,04314 instead of O.OOO0314

            O.05397 instead of O.OOOO0397 etc.

By this example it may be said that the coeflicients of the outside joints

remain in the almost constant values which we have seen in the previous

problem, while the variation of the coeflicients in the inner joints are

different, on account of the fixed condition at the lower ends, mpdified

by the effect of the free condition of the roof ends.

 ' The results obtained in the problem may be applied to the similar

problemofcomparativelylowbuiltstructures. . ,
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       3. TwENTy SToiuED BuiLDiNG FRAME vgriTH TwENTy BAys.

                 LOADS VERTICAL AND SYMMETRICAL. ･'

     Fig. 3 shows a symmetrical building frame of twenty equal bays,

 twenty stories high, carrying loads symmetrical and vertical on each girder

 of the structure. It may be noticed that, as in the above two cases, the

 system of vertical symmetrical loads is arbitrary and the results obtained

 may have a quite wide range of application.

     The computation of the problem was commenced under the expecta-

 tion of combining the above two problems, having deduced the approximate

 values from the known data of the two cases. After the calculation of

 successive substitution, we ifound that the coefficients computed are appro-

 ximately the same as the values which may be assumed and derived from

 the extension of the first problem of the twenty storied frame with ten

 bays.

     The calculation was, however, quite long in spite of the simplicity and

 regularity of the mothed, on account of the large number of equations

 treated. In other words, the problem was to find two hundred unknowns

 from two hundred equations. It was completed, by my assistant, within

 about fifteen hours. '     It may be here said that almost the same resum6 as in the first

 problem is worl<ed out from the calculation. The coeflicients variation

 in the horizontal and also in the vertica'I direction may be estimated from

 that resum'e'. .
                           '                      '
                     '

                              '
        4. TwENTy SToRmD BuiLDiNG FRAME viriTH THREE BAys.

            LoADs HoRIzoNTAL AND CONcENTRATED AT EACH

             JOINT ON THE LEFT SIDE OF THE STRUCTURE.

     Fig. 4 shows a symmetrical building frame of three bays, twenty

 stories high, carrying loads horizontal and concentrated on the left side

 of tlie structure, The method of solution I mentioned in another note
                                         '
 of the present author in the n4emoirs, solves the problem very easily.

     The computation results of the unl<nown slope and deflection terms

 are shown in Fig. 4, where we find some important properties of regular

 arrangement of the results; the variation of the coethcients in the vertical

 'AV,2
it2Y's.cg" 1.:l//1il.,...,,.;. >fe..
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direction is quite linear, except for the coeflicients of the bottom and top

    The linear variation of the coefiicients is shown graphically in Fig. 5.

In the figure, Line-A and Line-B show the slope variation and we call

therefore such a line as represents the tendency of the variation for slopes,
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                             '
the "Slope Variation Line." While Line-C shows the tendency of the
variation for deflections; we therefore call it "Defiection Var' iation Line."

Both variation lines may be very important to investigate the similar pro-

blem of multiple storied bent with multiple bays.

    In this example, the common difference may be calculated as follows:

    For Line-A, the common difference is approximately O.42; for Line-B

O.29 and for Line-C 1.8.

･ This complete calculation may be made by a single person in about

F,ix hours, usingaslide-rule. .
    To find the joint moments, the calculation is as follows:

    Atjointl -
      AC-2= 2qi + q2 == I2(7.s23) + 4.gssl 412 L- 3.34 a7le

      n( m4 -- 2(1)i + op4 + ve = I2<7.523)+ 7.620 - 33.361 bllle == --- 1,7s ld77,

      Jl[li-}--= 2opi + Lb,= I2(7.523) - 24 38] t6'Zl = -- 1.56 nvi

etc.

    It may be said that it is a matter of great importance firstly to find

the unl<nown slope and deflection terms but that it is a trifling matter to

determine joint moments with the values of elastic redundancies already

l<nown.

    The relation between the individual coeflicients in the problem, may

lead us to the solution of the similar ,problem of an infinite number of

stories with three bays with little effort of calculation.

                    SUMMARY AND CONCLUSIONS.
                   '
    The principal conclusions to be drawn from the calculation results of

the investigations described in this note may be summarized as follows:

     1. Caused by the fixed condition of the foundation and also by the

        free condition of the roof, the regularity of the variation for the

        elastic distorsions seems to be disturbed and the smooth line of

        variation seems to have abrupt changes near the foundation and

    2. In the wide central part of the structure considered in a plane,

        the elastic distorsions seems to have fairly regular variations.

    3. For a system of vertical symmetrical loading, the coeflicients O.13,
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       O.O13, O.OO13, O.OOO13 etc. seem to play some important r61e to

    . the slope-term variation of the central zone of the structure.

    4, For a system of vertical symmetrical loading, the Slope Variation

       Line may probably be drawn as in the horizontal loadings. In this

       case, however, the slope terms have almost a constant value in the

       vertical directions.

    5, For a system of horizontal loading, concentrated at joints on the

       left side of the structure, the Slope and also Defiection Vari.ation

       Line may be considered straight and the inclination angle of the

       Variation Line is influenced by the number of bays; in other words,

       it may be said that each building frame with a definite number of

       bays has its own original inclination for its Variation Line.

    In the concluding paragJ;aph we may be able to quote an interesting

problem as follows, on considering the twenty storied frame with twenty

bays, carrying a systein oif vertical loads, as a special blocl< composed of

elastic members with stiff connecting joints as a whole.

    The deformation phenomena of such a special blocl< under fiexure

caused by vertical symmetrical loads may be investigated from the cal-

culation results above treated while the ordinary concrete speciniens under

compression test have some resemblance to it.

    It is a well l<nown fact that the concrete block shows the breakiRg

phenomena, a principal part of the test specimen being left in the form of

an hour-glass. In the case under consideration, the frame blocl<, as we

call it, is subjected to fiexure under vertical loadings on each story, i.e.

the loadings are uniformly distributed in the inner portion of the blocl<,

as if it were under an imaginary compression test whose internal loading

effects are transmitted uniformly, and even the portion under the largest

deformation remains, in the case, without breaking down, Our computa-

tion results explain eloquently the deformation phenomena of such frame

block; the largest deformatioR occurs at the top corners of the block (at

joint 200) and the next largest deformation at the bottom corners (at

joint 1). The amount of the deformations at the joints on the third floor

is greater than that of the joints on the second. Each story as a whole

ranges smaller and larger values of deformation alternately.

    The portion (A) in Fig. 6 has a regular variation of the slope; while

the portion (B) in the same figure is out of regularity and its distribution

aspect of the distorsion is very complicated,
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    It may be said that the former portion is subjected to the re.crular dis-

tribution of the bending effect and in its portion all the boundary condition

is a]most similar to each other; while on the later portion, the stress dis-

tribution is subjected to the fixing or free boundary effects and deviates

from the reg'ularity of the former.

    This deformation aspect may be more interesting, on comparison of

Fig. 6 with Figs. 7 and 8, to deep investigation on a variety of similar

problems.
    The fact that each frame has its owh original Variation Line of Slope

and Deflection, shall lead us to the rapid and exact solution of similar

problems never previously [reated.

                                               '                                                            '
 '
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                                '
                            A?pENDIX. '
. The diagrams shown in Tables I to LX are very important data to

"rork out the statical]y-indeterminate joint-inoments of building frames

with constant iK, with respect to the vertical syminetrical loads and hori-

zontal loads of equal magnitude, concentrated at all the J'oints on the left

side of the structure. '
    Some of the diagrams may perhaps give the approxiinate value of g)

and se, nevertheless the values obtained from them may be very convenient,

and practical enough to warrant the employment of the process of Repeated

Trials, finally to get the true value of joint--moments. ' -
    The following index is given so as to make it possible to locate any

desired diagram in this bulletin qttickly. The conventional notations in

the tables are as shown in Fig, 9.
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Multiple Storied Bent with Single Bay. Loads Vertical and Symmetrical,

                Legs Fixed at Bases.

                   Table I,
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Multiple Storied Bent with Two Bays. Legs Fixed at Bases.

         Loads Vertical and Symmetrical.

                Table II.
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Multlple Storied Bent with Thyee Bays. Legs Fixed at Bases.

          Loads Vertlcal and Symmetrical.

                 Table III.
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]YEultiple Storied Bent with Four Bays. Legs Fixed at Bases.

         Loads Vertical and Symmetrical.

                Table IV.
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Multiple Storied Bent witli Five Bays. Legs Fixed at Bases.

     Loads Vertical and Symmetrical.
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Multiple Storied Bent with Six Bays. Legs Fixed at Bases.

       Loads Vertical and Symmetrical.
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Multiple Storied Bent wlth Ten Bays. Legs Fixed at Bases.

        Loads Vertical and Symmetrical.
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Five Storied Bent with Multiple Bays, Carrying Loads

    and Symmetrical. Legs Fixed at Bases.

              Table VIIE.
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SUIIIIIIal'Y of A-I.ine.
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Five Storied Bent with Vertical and Symmetrlcal Loads.

            Legs Fixed at Bases.

        . TableEX.
            Sumxnary of B-Line.
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 Five Storied Bent with Multiple Bays, Carrying Loads Vertical

        and Symmetrical. Legs Fixed at Bases.

                  Table X.
Summary ot C-Line.
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Multiple Storied Bent with Vertical and Symmetrical Loads.

               Legs Fixed at Bases.

                   Table XE.
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Multiple Storied Bent with Single Bay. Legs Fixed at Bases,

   Loads Horizontal and Concentrated at Each Joint

  ' onLeftSideofStructure.

            Table XII.
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Multiple Storied Bent with Two Bays. Legs Fixed at Bases.

   Loads Horizontal and Concentrated at Each Joint
            on Left Side of Structure.

Table XI!I.
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Multiple Storied Bent witli Three Bays. Legs Fixecl at

    Loads Horizontal and Concentrated at Each Joint

            on Left Side of Structure.

Bases.

Table XIV.
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]M[ultiple Storied Bent with Four Bays. Legs Fixed at Bases.

    Loads Horizontal and Concentrated at Each Joint

            on Left Side of Structure.

Table XV.
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Multiple Storled Bent with Five Bays. ILegs Fixed at Bases.

    Loads Horizontal and Concentrated at Each Joint
            on Left Side of Structure.

Table XVI.
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Multiple Storied Bent with Multiple Bays. Legs Fixed at Bases.

     Loads Horizontal and Concentrated at Each Joint
              on Left Side of Structure.

Table XVII.
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)vEultiple Storied Bent with Multiple Bays. Legs Fixed at
Loads Horizontal and Concentrated at Each Joint

        on Left Side of Structure.

Bases.

Table XVIII.
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Summary
(lll)

@

@

@

S

@

Oo

 Multiple Storied Bent with Multiple Bays. Legs Fixed at Bases.

      Loads Horizontal and Concentrated at Each Joint
               on Left Side of Structure.

               ･ TableXIX
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Multiple Storied Bent with Multiple Bays. Legs Fixed at Bases.

     Loads Horizontal and Concentrated at Each Joint

              on Left Side of Structure.

Table XX.
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Multiple Storied Bent with Single Bay. Legs Fixed at Bases.

     Loads Horizontal and Concentrated at Each Joint

               on Left Side of Structure.

Table XXI.
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Multiple Storied Bent with Single Bays. Legs IFixed at

     Loads Horizontal and Concentrated at Each Joint
             on Left Side of Structure.

Bases

                     Table
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IN([ultiple Storied Bent with Two Bays. Legs Fixed at

     Loads Horizontal and Concentrated at Each Joint

              on Left Side of Structure.

Bases.

Table XXIII.
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Multiple Storied Bent with Two Bays. Legs Fixed at
     Loads Horizontal and Concentrated at Each Joint

              on Left Side of Structure.

Bases.

Table XXIV.
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Multiple Storied Bent with Three Bays, Legs Flxed at Bases.

     Loads Horizontal and Concentrated at Each Jbint

              on Left Side of Structure.

Table XXV.
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Multiple Storied Bent with Three Bays. Legs Fixed at Bases.

     Loads Horizontal and Concentrated at Each Joint

              on Left Side of Structure.

Table XXVI.
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Multiple Storied Bent with Four Bays. Legs IFixed at
     Loads Horizontal and Concentrated at Each Joint

              on Left Side of Structure.

Bases.

                       Table
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Multiple Storied Bent with Four Bays. Legs Fixed at
     Loads Horizontal and Concentrated at Each loint
              onLeftSideofStructure. "

Bases.

Table XXVIII.
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Multiple Storied Bent with Five Bays. Legs Fixed at Bases.

    Loads Horizontal and Concentrated at Each Joint
            on Left Side of Structure.

Table XXIX.
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Multiple Storied Bent with Five Bays. Legs Fixed at Bases.

    Loads Horizontal and Concentrated at Each Joint

            on Left Side of Structure.

                   Table
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Single Storied Bent with Multiple Bays, Carrying Loads

    and Symmetrical. Legs Fixed at Bases.

Vertical

Table XXXI.
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Single Storied Bent with Multiple Bays, Carrying ILoads

    and Symmetrical. Legs Fixed at Bases.

Vertical

Table XXXII.
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Single Storied Bent with Multiple Bays, Carrying Loads

    and Symmetrical. Legs Fixed at Bases.

              Table XXXIII.
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Two Storied BeRt with Multiple Bays, Carrying Loads Vertical

        and Symmetrical. Legs Fixed at Bases.

Table XXXIV.
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Two Storied Bent with Multiple Bays, Carrying Load
and Symmetrical. ILegs Fixed at Bases.

s Vertical

Table XXXV.
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Two Storied Bent with Multiple Bays, Carrying Loads
and Symmetrical. Legs Fixed at Bases.

Vertical

Table XXXVI.
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Three Storied Bent with Multiple Bays, Carrying Loads Vertical

         and Symmetrical. Legs Fixed at Bases.

Table XXXVII.
tt

t/

uk"lds 8k"l.8 o.HAIes

'

1

o
--

8
,9

o

8

o

'l.!i



Three Storied Bent with Multiple Bays, Carrying Loads Vertical

         and Symmetrical. Legs Fixed at Bases.

Table XXXVIII.
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Three Storied Bent with Multiple Bays, Carrying Loads Vertical

       and Symmetrical. Legs iFixed at Bases.

Table XXXIX.
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Four Storied Bent with Multiple Bays, Carrying Loads Vertical

        and Syinmetrical. Legs Fixed at Bases.

Table XL.
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Four Storied Bent with Multiple Bays, Carrying Loads Vertical

        and Symmetrical. Legs Fixed at Bases.

                 Table XLI.
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Four Storied Bent with Multiple Bays, Carrying Loads Vertical

     and Symmetrical. Legs Fixed at Bases.

Table XLII.
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Five Storied Bent with Mu!tiple Bays, Carrying Loads Vertical

     and Symmetrical. Legs Fixed at Bases.

Table XLIII,
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Five Storied Bent with Multiple Bays, Carrying Loads

     and Symmetrical. Legs Fixed at Bases.

              Table XLIV
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Six Storied Bent with Multiple Bays, Carrying Loads Vertical

        and Symmetrical. Legs Fixed at Bases.

Table XLV.
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Six Storied Bent with Multiple Bays, Carrying Loads Vertical

       and Symmetrical. Legs Fixed at Bases.
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Multiple Storied Bent with Single Bay. Legs Fixed at Bases.

           Loads Vertical and Symmetrical.

Table XLVII.
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  Multiple Storied Bent with Two Bays. Legs Fixed at Bases.

           Loads Vertical and Symmetrical.

                 Table XLVIII.
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Multiple Storied Bent with Three Bays. Legs Fixed at
    Loacls Vertical and Symmetrical.

           Table XLIX.
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Multiple Storied Bent with Three Bays. Legs Fixed at Bases.
          Loads Vertical and Symmetrical.

Table L.

NN c}j -pt ut aN oo wo 8: ms No. of Stories
E pt M
 ss " pt

opp-Line
tt 1

peo-Line
t

lt

D.O12

-O,O14

-O,O16

-o,els

-O.02

-o,o2a

-o.e24

.-O.o26

-o.o2,g

-O.03

-O.032

-O.034

--O.036

--O.038

-O.04

-O.042

-O,O･44

-o,e.46

--o.048

-O.05

--O,052

opnb-Line

-O.054

-- O.056

-o,o,s,g

-O.06

op

'

Coefficient: C

  t..,t-ny-t, .,.,,. t

 .t ttttt . ..I/tggit;..,i,g.:. >,,.,,

k/?･ " lllll))e



Multiple Storied Bent with Three

           Loads Vertical and
Bays. LegsFixedatBases.
Symmetrical.

Table LI.

                    pt F, F"us t>o o) ･-pt cA a N ca Lo o HA'tD

l

.o

ooin

t

.o

oHo

 I
f'

.O
pta

t

.o

otxJ
o

･E!3

No. of Stories n:ILN-:

(Pn-Lirie

CoeMcient: C

     t.....tt.tt..

      H/1"ll'iiii .,,/1..,.,li..i ',"X･ ･.,,

･ .,3Y



Multiple Storied Bent with Four Bays. Legs Fixed at Bases.

         Loads VerPical and Symmetrical.

Table LII.

F--, NQ .p. in cr N oo ko 6' tu bN" No. of Stories vv
N v-. pt

opo-Lille

rpd-Une
'

opc-Lille

O.06

O,07

O.03

O.09

O.10

O.11

O.12

O.13

O.14

O.15

O.15

O.17

O.18

O.19

O,20

O.21

opa-Llne

O.2

O.23

O.24

O.25

O.Z6

O.27

O,28

O.29

O,30

Coeflicient: C

Sglltill//･fisifr,



Multiple Storied Bent with Four

           Loads Vertical and
Bays. Legs Fixed at
 Symmetrical.

Bases.

Table

                    pt b. F`F-i N'C,J -pts Ul (:"v N co LO () ba N

LIII.

No.'of Stories
::llNN pt

opn'Line

opp-Lin
'

rm -Line

-O.O02

-O.O04

-O,O06

-O.O08

-O.Ol

--O.O12

-O.O14

-O.O16

--O.O18

-o,oz

-O.022

-O.024

-O.026

--O.OZ8

-O.03

'-O.032

-O.034

-O.036

-O.03S

-O.04

-O.04Z

--O.044

--O,046

-O.048

-O.05

-gp

(Pllt-Line

/

,

Coefficient: C

k,, Mj7 ,,v

N



    Multiple Storied Bent with Five Bays. Legs Fixed at

                LoadsVerticalandSymmetrical. '

                        Table LIV.

}4' N･c,)-ptuiavco℃6:r. No.ofStories'

Bases.

p
l

N
"
A:

opb-Line

opd-Line

{Pe-Igille b

epa-L ille
'

Coefficient: C



Multiple Storied Bent with Five Bays. Legs Fixed

    Loads Vertical and Symmetrical.

at Bases.

Table LV.

N N c}.> -N c-n oN v oo D6: "N No. of Stories ==11N F-. :

(pm-Li le

lli'i`

4

d

Coefllcient: C

aj,k. X",ig""plgli)}

  w･,



Multiple Storied Bent with Five Bays. Legs Fixed at

           Loads Vertical and Symmetrical.
Bases.

                        Table

                     F, F-a HF-L N c.o -IN ui a xl co ke o t-s tv

1

.o

ooda

f

p
oFi
o

;

p-

9
a

l

f'

oNo

J
s;)

otx)
ta

LVI.

No. of Stories
Li pj

ltNH :.

,

.rp,rLine

-op,-LinS

g)oTLine

H

'

'

Coeflicient: C

Qk･ issi}



Multiple Storied Bent with Five Bays. Legs Fixed at

          Loads Vertical and Symmetrical.

Bases.

I

OFA
b-
9

6

uo
,

o

P
8
uo
,

.o

ooN
f'
oo

Vi

p.

ooN
P
8
L>?

f'

ooQ
,o
oo

u"
,

f'

8
"

s

                     Table

                  F-S F-i -N) C.J -l>t Cn as Na OO kO <) H Vx)

LVII.

No. of Stories
N. :
i 1/N F-A n

opvHLine

opiLine

:

Coethcient: C

     /'.in'･l･･.
     .,/ x･/.
     'i.,111}',ttllii',L
S'

, ,･,1,li/
"1< /i .''/,I/
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Multiple Storied Bent with Six Bays. Legs Fixecl at Bases.

        Loads Vertical and Symmetrical.

Table LVIII.

F-s N c}o -pt cJ, en N oo Lo ES : ss No. of Stories ?n
NH pt

ut esO.Ol

O.02

O.03

O.04

O.05

O.o6

O.07

O.09

opb-Line

O.09

0.10

O.11

O.12

O.13

O.14

(pct"Line

q,-Lme

O.15

O.16

O.17

O.18

O.19

O.20

epaHLine

O.21

O.22

O.23

O.24

O.25

O.26

e.27

O.28

O.29

O.30

rp

CoeMcient: C

aj)tii-gsdiee



Multiple Storied Bent with Six Bays. Legs Fixed at
          Loads Vertical and Symmetrlcal.

Bases.

Table LIX.

pt pt
F-stN)c}J-ptsc.,ioN.s"cokg):);i't･6No,ofStoriestts",pt

1
'

iiilii

L
cpt,-L111e

opv-L lrle
epe-I}ine

llli/2

(pm-Line
T=tr

+

mfhm te '･ep-

L

-uE a

t

' a'

:

=F-
i--l

!t

tNn'"T' ..-L. -rm
rm

jr=i.

Coe£ficient: C

l$,(.-nvTi'S'S)
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IVIultiple Storied Bent with Six Bays, Legs Fixed at

         Loads Vertical and Symmetrical.

Bases.

Table LX,

: pt

C)N
itNJuJ.NcJicxx.icy)NoasI.:rFNla"No.ofStoriestl)gapt

o'
T

'

opy-Iuine
.r '

op.-Line

L

tslli

iik.,

.op,t-Line

Coefllcient: C

,s' f,'"r, i}:r;/in

gs, tfW


