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   A Speedy and Acewrate IWethod of Wind Stress

          Cagc"gatfioff f6r Higk Steriedi Be"ts.

                            By

                     [Fukuhei TAKABEyA･

                   (Received September 10, 1937.)

                       rntroduction.

   With the increase in the number of stories of modern tall building

frames with stiff conneeting joints composed of rectangular elements,

the proper treatment of wind stress analysis has been given considerable

attention in recent years. Many authorities have presented various

methods of solution, from the standpoint both of accuraey and of
rapidity.

   The analysis of these stresses, when vie"Ted from a theoretieal
standpoint, is so eomplieated !that for many years there have been

diMculties in the way of solving unl<nown faetors in the problems of

tall built structures. In order to overeome these difficulties it seems
          di...neeessary to develop some praetieal and workable method simple in
theoretical analysis, which at the same time will provide a mea'ns of

ealeulation, that both lessens the mathematical diMeulties and shortens

the tedious labour of detailed computation.

   The new equations obtained from some hundred problems for a
series of similar bents which have been solved by aid of the Mechanical

Tabulation Method£" (whose aceuraey is quite the same as tbe Slope
Defiection Method) give quickly the bending moments at anyjoint
for a tall building frame subjected to horizontal joint loads.

   Frames are arbitrary for number of stories and bays. For example,

for a frame 150 stories high and 5 bays long, all the moments at the

upper ends of the columns, which are on the outward side of the
structure are determined from the fo11owing equation:

                 M ny- (o.ossn-o.o16) w. h,,

   ec See Proeeedings, American Society of Civil Engineers, Oct., 1934. Vol. 60, No. 8,

Part,2, P. 650, Footnote and Takabeya " Rahmentafeln ", Julius Springer, Berlin, 1930.

'

"
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where n indicates the number of the story Which the required moment

belongs to and n is to be numbered from the roof side. W shows
intensity of the horizontal joint load and h height of column:

    If n:=100,thenwehavefromtheaboveequation:

              M =･ (O.055 × 100-O.O16) W. h =: 5.48 W. h

    IR general, all the joint moments for columns and girders are

calculatedfromthefollowingequation: ' ' '

                       M-- (a.n-b) Ill h

    Description of the coefficients a and' b are given below in the

present paper.

    The bending moments calculated from the MomeRt Linear Equa-
tions in a similar expression to that given above are aecurate enough

to furnish the data for designing a tall building frame in theoretical

proportion.

 t    The Moment Linear Equations are therefore to contribute to the
preliminary design of a tall building frame with an enormous majority

ofstatieallyindeterminatequantjties. '
    To solve such problems of many redundancies, it is in general
theoretically neeessary to know the seetional dimensions of all the
                                                    q,members for the struetures,which have not yet been desjgned. Ac-
coTdingly the seetional dimensioning may be foreed to be assumed
for the preliminary design.

    In that very sense, the proposed equations have the merit of being

free from the knowledge of seetional dimensions and the method
makes the problem, to a eertain extent, to be statieally determinate.

   '･"F. Takabeya: A New IM[ethod of Wind Stress Ca･lculation in High Buiiding

Frames, ffhe Memoirs o£ the Faculty of Engineering, The Hokkaido Imperial University,

Vol.3,No.2.,1932. '
   F. Tal<abeya: Nouvelle Methode de caleul des ossatuTes a grand nombre d'6tages

sous 1'action du vent et des sollieitations sismiques, " L'OSSATURE METALLIQUE'',

.No. 5, l935, Bruxelles.

   A. Habel: WinddTuck und Stocl<werkrahmenbau, HDI-Mitteilungen des Haupt-
vereines deutseher IngenieuTe in der [I]sehechoslowakischen Repub}ik, Jahrgang 1934

(He£t 13114).

   A.Habel: Bereehnung der waagerechten Grundschwingungen von StoekWerk-
rahmenbauten nach der Energiemethode, "Der Bauingenieur" 1935. IICeft 49/50,
Springer, Ber]in.
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   What degree of aceuraey may be aequired from the speedy
calculation, when compared with the results obtained from other
exaet method of solution is of very great importance.

   As a numerical example, the Habel Bent is important, which is
2tj stories 100 rn high and 5 bays 30m long, solved by Professor Habel,

applying the old equations which were reported by the present author

in 1932." This example is deseribed be]ow in t,he present paper.

   'For the final desjgn, or for an exaet caleulation of a tall building

frame, the author proposes here the Meehaniea]. Tabulation Method
and the Slope Distribution Method, both of wl'iich give the same
aceuraey as the Slope Defiection Method does., As the nun]erical

example, the Wilson-Maney Bent was very important for eomparison.

    For the verification of the exactness of the proposed method, the

following worl<s have been used. Winddruck und Stoel<werl<rahmenbau

von Prof. Dr. A. IE[abel, HDI Mitteilung des Hauptvereines deutscher

Ingenieure in der Tschechoslowakisehen Republik, Jahrgang 1934
([Heft 13/14) and Wind Stresses in the Steel Fraines of Offiee Buildings,

University of I!linois Bulletin No. 80, 1915.

    [l]he author of the present paper gratefully acknowledges indebted-

ness to the authors of thos.e Bulletins.

          I. Moment Formulae fbr Preliminary Design.

    About ten years ago, the author tried to jnvestigate the stress

characteristics of tall building frames subjected to wind pressure.

    For that purpose. frames of eonstant stiffr}ess (I:s== constant)

and with columns of the same height were considered.

    The author assumed wind load as concentrated horizontally at
every joint on the left sjde of the structure, earrying equal intensity

of wind pressure.

    After having solved an enormous number of problems for a series
of similar frames, he unexpected}y found some eonvenient andi practieal-

ly important charaeters of the moment variation in the vertieal direc-
t'

ion of the strueture as a whole. Namely, when the problems haAre
been solved by exact ealeulation all the joint moments have been
found to be distributed linearly in the direetion of the story, in other

words, the increase of the amount ofjoint moments,t' from the roof

to the basement, shows a straight-line variation.

    'This peeuliarity simplifies all the solutions of problems of the

same kind and it plays a very important r61e. In a similar rnanner,

tall wind frames designed in theoretical proportion, instead of constant

'
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-K) as shown in Fig. 1, show the similar eharacteristies of straight

line variation. The bending moment at any joint of such frames
may be calculated thereby easily and direetly from the equation:

M=
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whieh 2lf expresses the required joint nioment,

mentioned before, two constants whieh are to be

1
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                             '                                                '                     '
gi'ven by the present investigation. Eaeh constant has a proper
numerical value depending on the columns and girders, especially on

the number of bays, but independent of the number of stories; h and

IJI7 are respectively the height of columns and the joint load assumed

}rOarillZeO.ntallY aiid COnCentrated at each joint on the left side of the

4
th

Girder AB
th le
G±rdey Ba

" G4 in

3
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 Girder BC
di n
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          e-l H pl
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                           Fig. 2.

   IFor example, with respeet tQ the symmetrical frame of five bays,

fifty stories high, eaeh joint moment in the upper end of the left,

out･side column, for each story, i$ expressed by the following equation:

                 M == (O.055n-O.O16) VV. h

       If n== 20, then

            M == (O.055×20-e.O16) W. h =: 1.08 W. h
                 (From Slope-Defieetion Calculation 1.09 Ill. h}'
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       If n=30, then
         '
            M= (O.055×30-O.O16) JV. h = 1.63 I･V. h

                 (From Slope-Defleetion Calculation 1.62 Vl. h)

   Similar characteristies of linear variation of moment exist for all

the other eolumns and girders.

   In order to differentiate one joint moment from another one, all

the joint moments whieh oecur at the upper end of the column in

Column Line A (See Fig. 1) are denoted by M(Column A, upper) and

likewise M (Colui:nn A, lower), M(Columi} B, upper), etc. (see I"ig. 1).

   Similarly thejoint moments at the left and right ends of the

girders in Girder Line AB are denoted by M(Girder AB, left) and

M(GirderAB,right),respectively. '
                                             '
   Thus, for columns: '
              M(column A, upper) == (an-b) IY. h,

              M(eolumn A, loxVer) -h (an-b) IV. h, '

              M(column B, upper) = (an-b) M. h,

              M(eolumn B, lower) = (an-b) JV. h,

              ete.

       For girders:

              M"(girder AB, left) -h (an-b) VV. h,

              M(girder AB, right) == (an-b) IV. h,

              M(girder BC, left) = (an-b) IJV, h,

              M(girder BC, right) :(an-b) W. h

              ete.

           '
    The values of coeffieient "a" and ``b'' in the above equations,

eoueerned with a symmetric41 five bay frame, an arbjtrary number of

stories high, are tabulated in Table 1.
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                         Table 1.

       (B'rame witl} 5 bays, and any number of stories)

81

Coef}}cient La b Coefflcient
iatb

A(upperlower O.055
O.054

..

AB(l.igt,, O.106
O.10

1""'
io.0685
O.0669

.g
B("1.P,,P,e,}' O.10

O.10
O.0378
O.0596

8v.ito

Bc{l?･gY,, o.o{e)i,o.o676
O.0965iO.e673/

el,u.p.p,e,l' O.096
O.096

O.0365
O.0685 CDle£t O.0966lO.0666

i

    For the local effect of base fixation, the above formulae are not

applieable near the basement and the moments in the Iowest two
stories near the basemeltt are directly Iocated frorn Tables A to L, and

these moments are denoted by M(column A, (1)), M(column A, (2))
ete, and by M(girder AB(li)), M(gi]rder AB(o'i)) ete. with suffix
number (1), (2), (li) and (oni), respeetively, as shown in Fig. 2.

   The similar local effeet near the roof, depending on the abrupt

change of the boundary eondition, gives another form of these equa-

tions. But practically the values of the j'oint moments near roof have

very little importanee and the correetion of those has been disregarded

in this paper. ,
       [vabieA., ."ll,C2.i,",M,".lil]illlgsuS,S",.n,e,Ei.t'6Ve,,9gEe,i.t.io,"S

Frames of Single Bay Coeff.': W.h

Column and Girder
   Moments

No. of Stories

10 20 30 40 50

ColumnA(1) 3.4e6 7.775 12.654 17.896 23.411

0olumnA(2) 1.343 1.976 2.098 ･1.852 1.341

ColumnA(3) 2.212 5.167 8.382 11.800 15.379

ColumnA(4) 2.039 4.082 ･5.870 7.ti51

Girder'AB(ll) 3.c552 7.140 10.475 l3.654 16.721

GirderAB(l2) 3.830 8.451 12.932 17.,307 21.592
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Table B.
AII
AII
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                '
eolump moments in negative direetions
girder moments in positive directions

Frames of 2 Bays Coeff: W.h
-

Colu veIn..an.d.tgirder No. o£ Stories

10' g 20 i 30 40 l 50

ColumnA(l) 2.038 4.600 s7.447 10.498 13.699

Co}umnA(2) O,800 1.222 1.378 1.377 1.164

ColumnA(3) 1.143 2.663 4.315 6.081 7.927

ColomnA(4) 1.094 2.192 3.171 4.050 4.868

ColumnB(1) 2.367 5.278 8.457 11.828 15.336

ColumnB(2) 1.457 ,2.578 3.399 3.998 4.439

ColumnB(3) 2.051 4.630 7.313 10.086 12.909

ColumnB(4) 1.977 4.163 6.21,r) 8,152 10.002

GirderAB(li) 1.943 3.880 5.688 7.418 9.083

GirderAIB(rl) 1.754 3.602 5.3･54 7.041 8.670

Girder.tlli;(l2) 2.028 4,442 6.784 9.089 11.325

GirderAB(?"2) 1.856 4.165 6.437 8.686 10.876

Table C.
AII
AII
column moments in negative direetions
girder moments in positive directions

      '
                      'Frames of 3 Bays Coeff; W.h

Column and GiTder
   Moments

  Colurnn A (1)

  Column A (2)

  Column A (n)

  Column A (4)

  Column B (1)

, Column B (2)

  Column B (3)

  Column B (4)

  Girder AB (l,)

  Girder AB (ri)

  Girder AB (l2)

  Girder AB (r2)

  Girder BC (li)

  Girder Be (l2)

No. o£ Stories

10-

1.463

O.593

O,784

O.764

1.676

l.O17

1.371

1.333

1,377

1.255

1.411

1.301

l.133

1.191

20

3.287

O.919

1.812 -

1.524

3.733

]..812

3.102

2.811

2.731

2,548

3.074

2.857

2.365

2.713

30

5.305

1.064

2.924

2.210

5.976

2.406

4.905

4.211

3.987

3.765

4.670

4.443

3.543

4.216

40

7.468

1.0751

4,112

2.830

8.356

2.851

6.770

5.538

5.189

4.937

6.243

5.978

4.685

5.714

50

9.735

O.994

5.357

3.408

10.832

3.189

8.676

6.810

6,345

6.068

7.774

7.477

5.791

7,181
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Table D. All
AII
column moments in negative direetions
girder moments in positive directions

Frames of 4 Bays Coeff.: W.h

Column and Girder
   Moments

No, of Stories

10 20 30 40 59

1.142
.C).469

O.595
O.586
1,307
O.800
1.049
1.023
1.292
O.770
1.009

.9..558

O.734
1.368
1.167
2.904
1.426
2.364
2.156
2.880
l.378
2.299

4.124
O,864
2.207
1.693
4.642
1.900
3.730
3.224
4.612
1.840
3.648

5.797
O.891
3.100･
2.173
6.48.P.

.9..260

5.140
4.240
6.447
2.191･
5.045

7.560
O.834
4.037
2.622
8.410
2.534
6.595
5.232
8,371
2.456
6.4,55

ColumnC(4)GirderAB(li) O.987
1.063

2.096
2.104

3.l47
3.064

4,151
3.981

5.066
4.881

GiTderAB(?'i)GirderAB(ILi)GirderAB(rd) O.968
1.079
O.995

1.962
2.343
2.205

2.892
3g557
3.384

3.787
4.744
4.544

4.667
5.919
5.692

GirderBO(Zi)GirderBC(7-i) O.881
O.890

1.830
1.839

2.731
2.741

3.603
3.612

4.462
4.472

GtirderBC(Z2) O.917 2.075 3.219 4.351 5.482
GirderBC(T2) O.924 2.083 3.227 4.359- 5.498

Table E. All
All
column moments in negative directions
girder moments in positive directions

Frames of 5 Bays Coeff.: INT.h

Column and Girder
   Moments

Coiumn A (1)
Column A (2)
Coluiznn A (3)
0olumn A (4)
Column B (1)
Column B (2)
Column B (3)
Co!umn B (4)
Oolumn C (1)
Column C (2)
Column C (3)
Co}umn O (4)
Girder AB (Zi)
Girder AB (?･,)
Girder AB (t2)
Girder AB (r,,)
Girder BO (li)
Girder BC (,'i)
Girder BC (Z2)
Girder BC (it2)
Girder CD (li)
Girder CD (l2)

No. of Stories

･10

s
E

t
F

 O.936
 O.389
 O.478
 O.476
 1.071
' O,659

 O.847
 O.829
 1.059
 O.636
 O.818
 O.8U3
 O.864
 O.787
 O.870
 O.802
 O,716
 O.722
 O.739
 O.744
 O.729
 O.748

20

2.094
O.612
1.098
O.946
2.375
1.174
1.905
1.744
2.357
1.138
1.856
1.699
1.709
1.593
1.890
1.779
1.485
1.493
1.674
1.680
1.500
1.686

30

3,372
O.725
1.770
1,374
3.794
1.568
3.004
2.610
3.771
1.522
2.941
2.551
2.488
2.348
2.867
2.728
2.216
2.224
2.596
2,60,9.

2.231
2.608

40

4,744
O.752
2.485
1.759
5.302
1.867
4.142
3.434
5.P.74

1.813
4.067
3.364
3.239
3.081
3.837
3.675
2.931
2.938
3.519
3.525
2.946
3.531

50

6.180
O.722
3.236
2.121
6.8688
2.100
5,304
4.224
6.8397
2.040
5.220
4.145
3.961
3.787
4.779
4.597
3.620
3.628
4.422
4.428
3.636
4.434
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Table F.
AII
AII
column moments in negative directions
girder moment･s in positive directions

Frames of 6 Rays Coeff. : W.h

Column and Girder

   Moments

Column A (1)
Column A (2)
Column A (3)
Column A (4)
Column B (1)
Column B (2)
Column B (3)
Column B (4)
eolumn C (1)
Column C (2)
Column C (3)
Column C (4)
Girder AB (li)
Girder AB (ri)
Girder AB (l2)
Girder AB (r2)
Girder BC (li)
Girder BC (?-i)
Girder BC (l2)
Girder BC (r2)

No. o£ Stories

10

O.793
O.331
O.399
O.398
O.907
O.559
O.711
O.697
O.898
O.541
O.688
O.676
O.730
O.665
O.733
O.676
O.604
O.614
O.622
O.630

20

l,772
O.524
O.918
O.795
2.009
O.9lr'9

1.597
l.465
1.995
O.970
1.557
1,429
1.439
1.342
1.586
1.503
1.250
1.262
1.405
1.414

30 a 40 I 50
2.854
O.621
1.476
1.I53
3.210
1.333
2.516
2.192
3.191
1.297
2.465
2.144
2.097
1.980
2,408
2.292
1.868
l.880
2.180
2.l90

4.015
O.653
2.072
l.479
4.485
1.593
3.465
2.884
4.463
1.549
3.405
2.829
2.728
2.595
3.216
3. .080

2.468
2,480
2.949
2.959

5.226
O.633
2.699
1.786
5.807
1.794
4.437
3.5i')'1

5.783
1.746
4.370
3.486
3,334
3.187
4･.O03

3.851
3.047
3.052
3.704
3.709

Table G.
All
All
column moments in negative direetions
girder moments in positive directions

Frames o£ 7 Bays Coeff. : W. h

Column and Girder

   Moments

No. of Stories

IO i 20 l 30 l 40 50

ColumnA(1) O.689 1.537 2,475 3,478 4.528

ColumnA(Z) O.289 O.458 O.547 O.575 O.564

ColumnA(3) O.344 O.788 1.267 1.778 2.314

ColumnA(4) O.344 O.686 O.995 1.277 1.543

ColumnB(1) O.787 1.743 2.782 3.884 ,r).o3o

ColumnB(2) Ot･(l86 1.162 1.387 l.568

ColumnB(3) O.613 1.374 2.164 2.980 3.814

ColumnB(4> O.602 1.264 1.891 2.487 3.e62

ColumnC(1) O,779 1.729 2.765 3.864 ,5.007

ColumnC(2) O.470 O.842 1.128 1.348 1.or23

ColumnC(3) O.5{1 I.338 2.118 2.927 3.752

ColumnC(4) O.583 1.231 1.848 2.437 3.004
GirderAB(Ii) O.631 1.244 1.811 2.355 ?..877

GirderAB(ri) O.575 1.160 1.709 2.240 2.750
GirderAB(l2) O.631 1.366 2.072 2.768 3.443

GirderAB(r2) O.582 1.286 1.972 2.652 3.312
GirderBO(li) O.523 1,081 1.613 2.130 2.629
GirderBC(r]) O.527 1.087 1.619 2.i36 2.634
GirderBC(l2) O.536 1.210 1.876 2.539 3.186
GirderBC(r2) O.539 1.214 1.880 2.544 3.190

GirderCD(Zi) O.532 1.092 1.624 2.141 Lt.640

GirderCD(ILi) O.543 1.218 1.884 2.548 3.195
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                 All eolumn moments in negative directions
      Table H.
                 All girder moments in positive directions

85

Frames o£ 8 Bays Coeff.: W.h

Column and Girder
   Moments

Column A (1)
Column A (2)
Column A (3)
Column A (4)
Column B <1)
eolumn B (2)
eolumn B (3)
Column B (4)
Column C (1)
Column C (2)
Column C (3)
Columll C (4)
Girder AB (li)
Girder AB (ri)
Girder AB (l2)
Girder AB (r2)
Girder BO (li)
Girder BO (ri)
Girder BC (l2)
Girder Bq (r2)

No. o£ Stories

10

O.608
O.256
O.300
O.312
O.695
O.429
O.537
O.528
O.688
O.416
O.520
O.512
O.556
O.506
O.555
O.512
O.460
O.468
O.471
O.477

20

1.353
O.396
O.680
O.600
1.540
O.771'

1.207
1.112
1.529
O.747
1.176
1.084
1.10!
1.024
1,199
1.130
O.952
O,962
1.063
1.070

30

2.183
O.487
1.110
O.873
2.454
1.028
1.879
1.660
2.440
1.000
1.860
1.624
1.594
1.504
l.821
1.733
1,419
1.428
1.649
1.656

40

3.067
O.517
1.557
1.126
3.424
1.231
2.612
2.186
3.408
1.198
2,566
2.143
2.069
1,968
2.424
2.322
1.871
1.876
2.224
2.232

50

3.997
O.505
2.026
1.358
4.439
1.390
3.345
2,692
4.420
1.351
3.293
2.644
2.534
2.422
3.024
2.910
2.316
2.321
2.799
2.803

Table I.
All
AII
eolumn moments in negative directions
girder moments in positive direetions

Frames of 9 Bays Coeff. : W.h

Column and Girder
   Moments

Column A (1)
eolumn A (2)
Co}umn A (3)
Column A (4)
Column B (1)
Column B (2)
Column B {3)
Column B (4)
Co!umn C (1)
Column C (2)
Column O (3)
Column O (4)
Girder AB (li)
Girder AB (ri)
Girder AB (Z2)
Girder AB (r2)
Girder BC (li)
Glrder BC (ri)
Girder BC (l2)
Girder BC (r2)
Girder 0D (Zi)
Girder CD (l2)

No. of Stories

IO

O.545
O.230
O.268
O.270
O.623
O.385
O.480
O.473
O.617
O.372
O.463
O.457
O.499
O.454
O.497
O.458
O.413
O.417
O.422
O.425
O.421
O.428

20

1.215
O.365
O.613
O.536
1.377
O.688
1.075
O.991
l.367
O.668
l.047
O.965
O.981
O.914
1.073
1.010
O.852
O.856
O.951
O.954
O.861
O.957

30

1.954
O.439
O.986
O.780
2.197
O.923
1.691
1.481
2.183
O.897
1.655
1.449
1.424
1.344
1.622
1.544
1.268
1.272
1.469
1.472
1.277
1.475

40

2.745
O.467
1.385
1.005
3.064
1.105
2.327
1.951
3.048
1.074
2,284
1.911
1.848
1.757
2.161
2.070
l..671

1.676
1.982
1.986
l.680
1.989

50

3.575
O.460
1.802
1.212
3.969
1.248
2.977
2.401
3.952
1.214
2.930
2,356
2.260
2.161
2.693
2.591
2.065
2.070
2.492
2.496
2.074
2.499
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Table J.
AII
AII
column moments in negative directions
girder moments in positive directions

Frames of 10 Bays Coeff.: W.h

Column and Girder
   Moments

Column A (1)
Co]umn A (2)
Column A (3)
Corumn A (4)
Column B (1)
Column B (2)
Column B (3)
Column B (4)
Column C (1)
Column C (2)
Column C {3)
Column C (4)
Girder AB (li)
Girder AB (ri)
Girder AB (l2) '
Girder AB (ot?)
Girder BC (li)
Girder BC (ri)
Girder BC (l2)
Girder BC (r2)

No. of Stories

10

O.493
O.208
O.241
O.243
O.563
O.349
O.432
O.425
O.558
O.3'38
O.418
O.413
O.450
O.409
O.448
O.413
O.372
O.378
O.380
O.385

20

1.099
O.332-

O,552
O.484
1.246-

O.624
O.969
O.893
1.237
O.606
O.944
O.871
O.885
O.825
O.967
O.910
O.768
O.776
O.856
O.862

30

1.769
O.397
O.887
O.703
1.987
O.835
1.523
I.337
l.976
O.812
1.492
1.308
1.288
I.216
1.465
1.394
1.147
1.155
1.326
1.333

40

2.482
O.426
1.246
O.908
2.771
1.003
2.095
1.760
2.757
O.976
2.058
1.726
1.668
1.586
1.946
1.865
1.508
1.516
1.786
1.792

50

3.234
O.420
1.622
l.093
3.591
1.133
2.684
2.166
3.575
1.102
2.641
2.126
2.042
1.952
2.430
2.338
1.866
1.870
2.249
2.252

Table K.
All
All
column moments in negative direetions
girder moments in positive direetions

Frames of 11 Bays Coeff.:'W.h

Column and Girder
   Moments

Column'A (1)
Column A (2)
Column A (3)
Column A (4)
Column B (1)
Column B (2)
Column B (3)
Column B (4)
Column C (1)
Columll C (2)
Column C (3)
Column C (4)
Girder AB (Z])
Girder AB (ri)
Girder AB (l2)
Girder AB (r2)
Girder BC (l])
Girder BC (r])
Girder BC (g2>
Girder BC (ot2)
Girder CD (li)
'Girder CD (l2)

No. of Stories

10

O.451
O.191
O.220
O.222
O 515
O.319
O.395
O.389
O.510
O.308
O.381
O.376
O.411
O.374
O.409
O.377
O.341
O.344
O.348
O.350
O.347
O,352

20

1.004
O.305
O.503
O.442
1.137
O.571
O.882
O.815
1.129
O.554
O.859
O.794
O.806
O.752
O.879
O.828
O.701
O.704
O.779
O.782
O.708
O.785

30

1.616
O.365
O.807
O.640
1.815
O.764
1.388
1.218
1.805
O.743
1.358
1.191
1.175
1.109
1.335
1,271
1.047
1.eso
l.209
1.212
1.054
1.215

40

2.268
O 390
1.131
O.824
2.532
O.917
1.909
1.604
2.519
O.891
1.874
1.572
1.524
1.449
l.777
1.702
l.378
1.382
1.630
1.633
1.385
1.636

50
"

2.953
O.387
1.474
O.995
3.279
l.038
2.443
lt.973

3.265
1.010
2.404
1.937
l.862
1.780
2.214
2.l30
1.701
1,705
2.049
2.052
1.708
2.054
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Table IJ.
- AII column moments in negative direetions
 All girder moments in positive directions

Frames of 12 Bays Coeff.: W.h

Column a･nd Girder

   Moments

l
l

No. o£ Stories

Colurnn A <1)

Column A (2)

Columfi A (3)

Column A (4)

Column B (1)

Column B (2)

Column B (3)

Column B <4)

Column C (1)

Column C (2)

Column C (3)

Column C (4)

Girder AB (Zi)

Girder AB (Ti)

Girder AB (l2)

Girder AB (r2)

Girder BO (li)

Girder BC <rj)

Girder BO (l2)

Gi}'der BC (r2)

10

O.415

O.176

O.201

O.203

O.474

'O.294

O.361

O.356

O.469

O.285

O.349

O.346

O.377

O.S43

O.373

O.344

O.312

O.317

O.317

O.321

20 l 30 l 40 f 50

O.9.9.4

O.280

O.461

O.405

1.047

O.526

O.810

O.748

1.039

O.510

O,789

O.729

O.742

O.692

O.809

O.762

O.645

O.651

O.717

O.722

1.485

O.339

O,740

O,590

1.668

O.705

1.272

1.119

1.659

O,686

1.246

1.094.

1.077

1.016

1,221

Ll62
O.959'

O.965

1.105

1.111

2.087

O.360

t.038

O.756

2.329

O.843

l.751

1.472

2.318

e.822

1.720

1.443

1.401

1.333

1.633

1.564

1.267

1.274

1.498

1.503

2.716

O.359

1.353

O.914

3.015

O.956

2.242

1.811

3.003

O.932

2.207

1.778

1.710

1.635

2.033

1.956

1.563

1.566

1.881

1.884

(1) ]lb7nentL .Tnear Egtcations ancl -Zlll712ct of Base Fixation,

   For
so as to

practical

make it
purposes,
possible to

the following equations may be convenient

loeate the desired joint moments.

Frames of S

Columu Moments:

   M(column A,
   M(cQlumn A,

ingle Bay. Coeff.:W.h

  (All negative directions)

upper)==O.2548n-O.0733 '

lower) == O.2451n-O.1777

Girder Moments:

   M(girder AB,

(All positive directions)

left) :O.498ri-O.316

'
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     Frames of Two Bays. Coeff.:W.h

Column Moments: (All negative directions)

   M(eolumn A, upper) = O.130n-O.037

   M(column A, lower) -mo O.128 n--O.101

   M(columil B, upper) == O.248n-O.093

   M(column B, lower) = O.242n-O.137

Girder moments: (All positive direetions)

   M(girder AB, left) = O.255n-O.162

   M(girder AB, right) == O.244n-O.166

    Frames of Three Bays. Coeff.:W.h

Column Moments: (All negative directions)

   M(eolumn A, upper) == O.091n-O.027

   M(column A, lower) == O.0876n-O.0703

   M(column B, upper) = O.1652n-O.e632
   M(column B, lower) =: O,1652 n-O.0991

Girder Moments: (All positive direetions)

   M(girder AB, left) =O.171n-O.1067

   M(girder AB, right) == O.1655 n-O.1101

   M(girder BC, Ieft) = O.162n-O.1155

     Frames of Four Bays. Coeff.:W.h

Column Moments: (All negative directions)

   M(column A, upper) == O.069n-O,0205

   M(eolumn A, Iower) = O.066n-O.053
   M(column B, upper) = O.127 n--O.050

   M(eolumn B, lower) = O.125 n-O.074

   M(column C, upper) == O.122n-O.049

   M(column C, lower) == O.123n-O.076

Girder Moments: (All positive directions)

   M(girder AB, Ieft) == O.13in-O.083

   M(girder AB, rightt) = O.127n-O.086

   M(girder BC･, left) = O.122n-O.086

   M(girder BC, right) :O.122n-O.085

/b
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     Frames of Five Bays. Coeff.:Vgi.h

Coluinn i:noments: (All negative directions)

   M(eolumn A, upper) = O,055n-O.O16

   M(column A, lower) =O.053n-O.043

   M(column B, upper) = O.103n-O.0388

   M(col"mn B, lower) =O.101n-O.0596

   M(eolumn C, upper) == O.102n-O.041

   M(column C, lower) == O.101n-O.06

Girder Moments: (All positive directions)

   M(girder AB, left) -h O.105 n-O.0664

   M(girder AB, righO == O.10n-O.068

   M(gird6r [BC, left) === O.097n-O.0686

   Mfi(girder BC, right) == O.0966n-O,0674

   M(girder CD, Ieft) == O.0968 n---O.0668

     Frames of Six Bays. Coeff.:W.h

               ' Column Mpments: (All negative direetions)

                       '   M(column A, upper) = O.046n-O.O13

   M(column A, lower) == O.044n-O.036

   MN(column B, upper) = O.084n-O.032

   M(column B, lower) == O.084n-O.05

   M(column C, upper) = O.083n-O.033

   M(column C; lower) == O.082n-O.050

   M(column D, upper) --- M(eolurnn C, upper)

   1lf(column D, lower) == M(column C, lower)

Girder Moments: (AII positive directions)

   M(girder AB, left) == O.088n-O.055

   M(girder AB, right) = O.086n-O.057

   M(girder BC, left) = O.081 n-O.057

   M(girder BC, right) :== O.082n-O.057

   M(girder CD, Ieft) --- M(girder BC, left)

89



90 F. Takabeya.

     B'rames of Seven Bays. Coeff.:W.h

 Coiumn Moments: (AII negative directions)

    M(eolumn A, upper) = O.039n-O.Oll
    M(eolumn A, Iower) =O.038n-O.0309
    M(column B, upper) = O.072n-O)0272

    M(eolumn B, lower) = O.071n-O.042

    M(eolumn C, upper) == O.0707 n-O.0277

    M(column C, lower) = O.0701n-O,0433

    M(column D, upper) == M(column C, upper)

    M(column D, lower) == 11(column D, lower)

Girder Moments: (AII positive direetions)

    M(girder AB, left) = O.076 n-O.047

    M(girder AB, right) == O.073 n-O.049

' M(girderBC,left)==O.07n-O.049
    M(girder BC, right) == O.071n-O.048

    M(girder CD, left) = M(girder BC, left)

    .Zll'(girder CD, right) == .Z14"(girder BC, right)

     Frames of Eight Bays. Coeff.:W,h

Column Moments: (AII negative directions)

   M(eolumn A, upper) == O.034n-O.O09

   M(eolumn A, lower) == O,033n-O.027

   M(column B, upper) == O.063n-O,024

   M(eolumn B, lower) -- O,063n-O.037

   M(eolumn C, upper) -- O.0625n-O.0245

   M(column C, lower) == O.062n-O.038

   M(eolumn D, upper) :M(column C, upper)
   M(eolumn D, lower) == M(column C, lower)

Girder Moments: (All positive direetions)

   .Z{f'(girder AB, left) =O.067n-O.04

   .M'(girder AB, right) =:O.064n-O.O13

   M(girder BC, left) -"---- O.061 n-O.043

   M(girder BC, right) = O.061n-O.042

   fiI(girder CD, left) =M(girder BC, left)

   M(girder CD, right) == M(girder BC, right)
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     Frames of Nine Bays. Coeff.:W.h

Column Moments: (All negative directions)

   M(column A, upper) == O.030n-O.O08

   M(column A, lower) = O.029n-O.0234

   M(eolumn B, upper) == O.056n-O,021

   M(eolumn B, lower) == O.056n-O.033

   M(column C, upper) =O.0556n-O.022
   M(column C, lower) = O.055 n-O.034

   M(eolumn D, upper) =:M(eolumn C, upper)

   M(column D, lower) =M(column C, lower)

Girder Moments: (All positive direetions)

   M(girder AB, left) == O,059 n--O.036

   1lf(girder AB, right) == O.056n---O.037

   M(girder BC, left) -ua O.055n-O.0385

   M(girder BC, righZ) := O.055n--O.0384

   M(girder CD, left) == M(girder BC, Ieft)

   M(girder CD, right) :M(girder BC, right)

     Frames of Ten Bays. Coeff.:W.h

 Column Moments: (All negative directions)

   "Zlf(eolumn A, upper) =: O.0275n-O.O075

   M(eolumn A, lower) = O.0265n--O.0215

   M(eolumn B, upper) == O.051n-O.O19
   IL((eolumn B, lower) == e.051n-O.030

   M(column C, upper) == O.0498n-O.O193

   M(eolumn C, lower) = O.0498n-O.0307

   M(eolumn D, up'per) = M'(eolumn C, upper)

   M(eolumn D, lower) == M(column C, lower)

Girder Moments: (All positive directions)

   M(girde'r AB, left) -- O.0538n-O.0328

   M(girder AB, right) :' O.0515n--O.034

   M(girder BC, left) ==: O.049 n-O.034

   1lf(girder BC, right) = O.0495n-O.0345
                                         ,   .Zlffi(girder CD, left) :M(girder BC, left)

   M(girgdr CD, right) == M(girder BC, right)
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    IFrames of Eleven Bays. Coeff.:'VgT.h,

Coluinn ]N(Ioments: (All negative directions)

   M(eolumn A, upper) == O.025n-O.O07

   M(column A, lower) -- O.024n-O.O19

   M(eolumn B, upper) -- O.046n-O.O17
   ]1 (eolumn B, lower) == O.046 n-O.027

   M(eolumn C, upper) == O.0455n-O.O175

   M(eolumn C, lower) =e.e455n-O.0285

   M(column D, upper) == M(eblumn C, upper)

   M(column D, lower) = M(eolumn C, Iower)

Girder Moments: (AII p6sitive directions)

   M(girder AB, left) = O.049n-O.030

   M(girder AB, right) = O.047n-O.032

   M(girder BC, left) == O.045 n---O.0315

   M(girder BC, right) == O.045n-O.031

   M(girder CD, left) --- M(girder BC, left)

   M(girder CD, right) =:M(girder BC, right)

    Frames of Twelve Bays. Coeff:W.h

Column Moments': (AII negative direetions)

   M(eolumn A, upper) == O.023n-O.O06
   M(column A, lower) = O.0225 n-O.O175

   M(column B, upper) ==O.0425n-O.O165

   M(column B, lower) == O.042n-O.025

   1lf"(column C, upper) == O.0417n-O.O163

   M(co]umn C, lower) == O.0414n-O.0257

   M(column D, upper) == M(column C, upper)

   M(column D, lower) == M(eolumn C, lower)

Girder Moments: (All positive directions)

   M(girder AB, left) ==,O.0448n-O.028

   .Zlf(girder AB, right) =: O.043 n-O.029

   M(girder BC, left) == O,0408 n-O.0288

   M(girderiBC, right) = O.0409n-O.0283

   III-(girder CD, left) = M(girder BC, left)

   nz(girder CD, right) == M(girder BC, right)
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   [I]'or the effect of base-fixation, Table A to Table L are applicable

to the same practical purposes.

                                       '                         '                                         '      (2) Exact Calczelataon Res?tlts aompuao"ecl with tl}e Reszelts

                  by 11b7nent Lineao' Eguations.

   The present author proposed(i} another formulae of Moment-Linear

Equations obtained for skyseraper frames of constant ratio of stiffiiess

from roof to basement, having.equal height of eolumns in each story,

subjected to wind pressures. Those formulae were compared with the
caleulation results for an aetual building frame of reinforced concrete,

25 storied 100 meter high alld 5 bays 30 meter Iong, (see Fig.3)
designed and reportect in 1934 by A. Habel, professor of the Deutsche

Teehnisehe [HochschUle, Brttnn. To the unexpected deljght of the
present author, notwithstanding that he treated the frames as of
constant ratio of stifilness from the roof to the basement, the Moment

Linear IEquations gave, in most values, a good eoincidence, exeept
near the roof and basement, to the exaet calculation for the reinforcea

concrete framoe of yariable stiflhess ratio 'as shown in Fig. 3. [l]he

base-fixation gave a large diserepaney near the basement, beeause at

that time the author did not report the effect of the base-fixation.

    Theneeforth the author treated the frame of variable stiffness ratio

as shown in the frame of ]3'ig.1 and studied further the effeet of base-

fixation for the lowest two stories. TableI and Tablel! show the

comparison between the bending moment va･Iues eomputed by a rapid
calculation of Moi:nent-IJinear Equations and those by exact calculation

(by IE[abel) of the Mechanical Tabulation Method whose fuiidamental

equation is the same as the Slope D,efiection Equat,ion.

    In the author's opinion, when the frame has the same height of
column in every story,joint moments seem to be given approximately
by the Moment ILinear Equations with a quite good coineidenee, but

when each story has a different height of eolumn the effect of the

eolumn height as well as the load intensity is not trifling, so its

correction must be neeessary. For these problems under different
conditions, the caleulatioi},naturally can not be made in a fraetion of

time and some exact methods of calculation are neeessary; the follow-

ing two methods are applieable to that purposes:

    (1) The Method of Slope Distribution' and (2) The Mechanieal

TabulationMet+hod.* '
                                    .t                                       '   aS" cf. Mefi1 Fac. Engilll.'Ii H. i. u., vo].3, No. 2, ig32.

   " See Mem. Fac. Engin., H. I, U., Vol. 1, No. 3, 1927.

                  ig
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Table I,

No. of Stories

 numbered
 from Roof

n ==1

2

3

4

5

6

7

8

9

10

11

12

13

l4

15

16

17

M(column A YoPwPeerr)
    (m. O

Moment
 Linear
Equation

O.515
O.132

1.241
O.832

1.967
1.531

2.693
2.23.1

3.419
2.930

4.145
3,630

4.871
4.330

5.597
5,029

6.323
5.729

7.049
6.428

7.775
7.128

8.501
7.828

9.227
8.527

9.953
9.227

10.679
 9.926

11.405
10.626

12.131
ll.326

Exaet
Va}ue

1.002
O.965'

1.345
1.245

3.003
2.980

2.533
2,599

3.510
3.280

5.099
4.042

4.592
4 040

5.210
4.756

7.227
7.083

5.664
5.916

6.802
6.118

9.094
8.306

8.277
8.276

9.527
9.103

10.144
 9.798

10.671
10.535

II.817
11.273

M (column B YoPwPeei') 1

       (m. t)

MIoment
 Linear
Equation

O.847
O.546

2.207
1.880

3.567
3.213

4.926
4.546

6.286
5.879

7.64.5

7.212

9.005
8.546

10.365
 9.879

ll.724
11.212

13.084
12.545

14.443
13.878

15,803
15.212

17.163
16.545

18.522
17.878

19.882
19.211

21.241
20.544

22.601
21.878

Exact
Value

O.337 i

O.341 ･

1.677
1.651

2.653
2.597

4.687
4.542

5.966
5.766

7.050
6.794

8.853
8.415

9.934
9.965

10.810
10.410

13.240
12.400

14.180
!P,.990

14.980
14.560

17.000
16.268

18.045
17.470

19.336
18.865

20.565
20.360

22.160
21.380

M (column C Y.P.P,e,"

       (m. t)

)

Moment
 Linear
Equation

O.805
O.541

2.152
l.874

3.498
3,208

4.844
4.541

6.191
5.874

7.537
7.207

8.S84
8.540

10.230
 9.874

Exact
Value

O.328
O.327

1.571
2.411

2.800
2.467

4.457
4.282

5.684
5.494

6.747
6.568

8.648
8.352

9.810
9.825

11.576
11.207

10,430
10.140

12.923
12.540

l-

13.060
12.420

14.269
13.873

I

15.616
15.206

14.310
13.900

14.710
14.250

l6.962
16.540

I

       I
18.308 I
17.s73 r

16.641
16.038

       l---.
19.655 l,
lg.2o6 l
       'i

l7.775
17.180

l9.006
18.551

21.001
       [t
20.539

20.027
20.142

22.34s I
21.872 l
       /

21.080
21.190
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Table I-(ebntinueel).

No. of Stories

 numbered
 from Roof

18

' 19

20

21,

22

23

24

25

M(column A Y.P.P,e,r

       (m.t) ･

)

Mom' ent
 Linear
Equation

12.857
12.025

13.583
l2.725

14.309
13.424

15,035
14.124

15.761
14.824

16.487
15.523

15.312
18.929

 8.8'24

36.076

Exact
VaJue

12.288
12.020

13.270
I2.320

l3.795
13.080

14.733
14.059

15.170
14.280

15.860
     '15.540

14.920
1.8.100

 8.068
30.000

M(column B YoPwPeerr)

       (m. t)

Moment
 Linear
Equation

23.961
23.211

25.320
24.544

26.680
25.877

28.039
?7.210

2g.3gg

28.544

30.759
29.877

' 28.736
 32.399

18.097
40.715

Exact
Value

23.361
22.600

24.900 '

23.965

26.085
25.210

27.260
26.458

28.670
27.850

29.678
29.248

29.140
32.365 .

]6.585
45.411

ILfN
(column C YoPwPeerr

       (m. t)

)

Moment
 Linear
Equation

23.694
23.206

25.040
24.539

26.387
25.872

.27.733
27.205

29.080
28.538

30.426
29.872

28.050
31.660

17.556
40,445

Exaet
Value

23.360
21.871

24.045
23.600

  25.690
  24.840

  26.980
  25.810

  28.740
  27.I90

29.317
28.857

  28.700
  31.875

16.348
45.288

Table II.

No. of Stories

 numbered
 from Reof

n=1

2

g

4

5

M(girder AB

       (m. t)

left

right
)

Moment
 Linear
Equation

O.509
O.422

  l.896
･ 1:742

3.282
3.062

4.668
4.382

6.054
5.702

Exact
Value

1.002
O,449

2.310
1.6tl

4.248
3.084

5.513
4.356

6.109
5.604

M･
(girder Bc l9ig%t)

       (m. t)

Moment
 Linear
Equation

O.375
O.385

I.655
l.661

2.936
2.936

4.216
4.211

5.496
5.486

Exact
Value

O.112
O.048

O.407
O.726

1.220
3.147

2.928
3.232

4.904
4.919

M (girder CD
 (m. t)

left)

Moment
 Linear
Equation

O.396

1.674

2.952

4.229

5.507

Exact
Value

O.280

1.172

2.064

3.692

5.047

t.
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No. of Stories

 numbered
 from Roof

6

7

8

9

10

M(girder AB l.?･gtht)

       (m. t)

,Moment
 Linear
Equation

7.440
7.022

8.826
8.342

10.212
 9.662

11.598
10.982

12.984
12.302

11

12

13

   14.3701   ].3.622
1

1

15.756
14.942

Exact
Value

8.379
7.253

8.634
8.267

9.250
9.170

11.783
10.917

12:747

1?.･22o

12.7Z8
13.IIO

14

15

16

17

18

19

20

21

22

23

24

25

17.142
16.262

18.528
17.582

l9.914
18.902

21.300
20,222

22.686
21,542

24.072
22.862

25.458
24.182

26.844
25.502

28,230
26.822

29.616
28.l42

31.002
29,462

31.396
29.746

27,700
26.011

15.212
14.780

16.583
16.22P.

17.803
17.392

19.247
18.730

  20.469
.r. 19.990

22.352
21.640

23.561
22.620

25.290
.2.{.･i2o

26.115
25.445

27.813
.2.S･6g9

29.229
27.854

30,140
29.179

30,460
29.639

26,168
24.875

M(girder BC lreigtht)

       On･ t)

Moment
 Linear
Equation

6.777
6.761

8.057
8.036

9.338
9.311

10.6i8

10.586

11.898
11.862

13,179
13.137

14.459
l4.412

l5.740
15.687

17.020
16,962

18.300
18.237

19.581
19.512

20,861
20.787

22.142
22.062

23.422
23.338

24.702
24.613

25.983
25.888

27.263
27.163.

28.544
28.438

28.l82
28.261

24.427
24.532

Exact
Va]ue

5.563
5.885

7.370
7.507

9.179
9.IOO

 9,858
10.038

11.430
11.520

13.470
I3.400

14.190
14.270

15.340
15.396

16.921
16.892

18.093
18.053

19.430
19.209

20.880.
2o.59!

22.121
22.250

23.380
22.928

24.605
?fl.595

25.830
25.760

27.274
27.250

28.349
28.248

28.749
28.689

24.075
24.111

11t (girder CD
     (in. t)

left)

Moment
 Lineax
Equation

6-785

8.063

9.340

10.618

11.896

13.l.74

14,451

l5.729

17.007

'18,285

19.562

20.840

22.118

23.396

24.673

25.951

27.229

28.507

28.340

24.625

Exact
Value

6.356

7.709

9.062

10:217

II.680

13.330

14.340

15.495

16.921

18.133

19,369

20.631

22.300

22.988

24.695

26.060

27.300

28.259

28.868

24.112
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II. The Method of Slope Distribution.

   In this paper the problem of building frames with no yielding
at the foundation is treated. Therefore all the gjrders remain always

horizontal, while the columns defieet due to the system of horizontal

joint loads. The moment at the end A for the eolumn Aa in Fig.4
is expressed by the well known equation;

          ]41t(La = 2EKAa(2eA+ea-3 7d,,ii ) ･e･･････････ee･･e (1)

h,
'

@"o(zi)
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e･

l)n

Pa ses sec'
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Fig. 4.

   In this equation, MA. denotes the moment at the end A of the
eolumn Aa; eA and e. the joint-rotation angle (or slope) of the ends

A and a respeetive!y of the coJumn; el. the defleetion (horizontal

displaeement) of one end of the column Aa relative to the other; h.

the length of the eolumn Aa; E the modulus of elastieity of the
material; KA. the moment of inertia of the section divided by the
length of the column Aa.
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        The resisting moment on a section is considered positive when
    the couple acts in a clocl<wise direetion upon the portion of the
    member considered; the joint-rotation angle e is considered positive

    when the angle has been turned clockwise, measured from its initial
    position; the member-revolution angle (or deflection angle) ellh is also

    positive to the revolution in the clockwise direetion from the initial

    position of the member.
        Foy the analysis of high built fi'ames the following equation is
    introduced instead oC equation (1):

                  Mlad =: li'Aa{2caA+qalapar} .e･.e･...e.･.･.･. (2)

        In this equation

                  {z)A==2EeA
                                                           '                  gca=2Eea ......･..e.･....･.e･･-･･..eee(3)
                          dr                   tkr :6E7z;J.

           '                                                         '        For the purpose of obtaining MA., it is more practieal to consider

    go and pa rather than e and el/h as unknowns; in this paper {z) and pa

    are called "slope" and "deflection" respeetively, even if they are
    not reasonably defined in the strict meaning.

        To obtain the equations from "7hich the unl<nown slopes and de-

    fieetions can be determined, we have two kinds of statical conditions

    of equilibrium: one of these is of equilibrium under the action of
    the moments at every point ofi intersection of the neutral axes of
    girders and columns, considering the point of interseetion as a free

    body; the other condition is of equilibrium under the aetion of the
    shears and moments at the two extremities of all the columns in a
    story, considering together all of the columns in a story as a free
    body.
        From the former condition of equilibrium, each joint gives one
    equation; from the latter each story gives one eq.uation, i.e., for an

    n-storied bent with m-point･s of intersection of the neutarl axes of
    girders and columns, the number of equations obtained, from whieh

    the slopes and the defiections can be determined, is m+n.
        The unl<nown quantities in the equations obtained are the changes

    in the slopes and the horizontal deflections of the columns. The
    changes in the slope at a joint, by the rigid conneetion, are equal for

    all of the members whieh meet at thejoint; and the horizontal de-

t/ktltil.Sl/Llk)OiiS Of the eOiUMnS m a stoiy aie equai Jn the ease in question
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   ORe obtains therefore m+n equations in whieh 7n+n unknowns
are contained. Solving these 'equations simultaneously, in case of

ordinary method, the unknowns are determined and thei} the moments
tequired, while in the proposed method these equilibrium equations

are not so!ved simultaneously but each equation determines one un-
1<nown, distributing unbalanced siopes and defieetions by a slide-rule

ealeulation on the figure of the bent as shown in Fig, 9.

                    '
           (1) Deo'ivations of Egzeations of' q and mp.

   For the ,joint m shown in Fig. 4, the equilibrium condition of

the total moment gives: .
             '                                                     '       or .=ztd;.e(ll].zldiil.,O.;M.1+.zlf;., .. o l ･･････････････････ (4)

   Applying equation (2) one obtains from equation (4):

       qmpm+(ope-@e)Kb+{z)r-Z<r;-+(qunypav)Ke+tpiKL=O,a･･(4)e

             .t

        '                 Pm == 2(Kb + -K;- + KL` + K}) .

   The above equation is ealled the "joint-equilibrium equation'',

which gives

          '                            '
   9Pm == ly{(9omp"'o)7e(m)+CPr7r(m)+(`7)i`impau)7u(m')+{1)l71fm)} e..- (5)

   where

           .Ziil,                      K･
     oro(m)== )rY}･{m)-- )
           Pm Pnt ･
     7u(m)=' llli, 7i(m) == iSl.], pm =: 2(Kb+-kr]+Kue+-lg)

                    '                                              '
  ･ Equation (5) may be memorized easily by the following graphical

representation:

          {pm= edi (spiori(m)'[:O.1pa;:O.))770ilil )q'r77-("t)l ･･ ･ ･ ･ (7)'
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   In order to obtain the equatiQn of ia, one may consider two
horizontal seetions at both ends of the co}umns at the o--th story

numbered from the roof side of the frame shown in Fig. 4.

   The equilibrium condition of the o'-th story as a whole gives:

    '                                        '
      M}tA+'ZllbB+]dl'C+ '"' +]lbG} +A. S'M = O ...･･････ (8)

      ]l(tga+MBb+]dbb+""+MGgJ s==i
                             '
   Applying equation (2) one obtains from equation (8):

   3<(9A+9a)KAa+(g?B+g?b)KIBb+(9c+9e)Kbe+""+(g'G+{Pg)KGg}

                                       '                                             '                                    o'      -2ptT(K"Aa+KBb+Kcc+ "" +KIeD+hr IE] Wk ='O..e.. (8)o
                                   s=1
   The above equation is called the " story-equilibrium equation ",

whieh gives:

   tkr == 'E2.: +{(g['A+{pa)tAa+({pB+g)b)tBb+(g'c+cvc)tcz,

                     + ･"' -l: (gPG+qg)tGg}････e･-･････. (9)

   where

      4 = h.(M71+ Wle+ IVb+ ････ + IJV;.).

       tZ';･ =: 2(KAa+KBb+"'･ +KGg), ... (10)
                       '      .tAa = 3iiili!a , tBb =: 3£,,.Bb , "'･tGg -'---- 3:illig .

                               '
   IEguation (9) may be memorjzed easily by the following
representation :

       A, -- -Iczi}Z;･ +((:+ll) t..+(g+Z)t.,+ ････ + (:+g)t..).. (11)

   In equations (7) and (11), the values of v, t and HIT are to be
given as 1<nown values; therefore, in equation (7), if the true values

of op and pa are known, one ean determine the true value of gm･

   Even if one eould not find the true values of {p and, pa, if he
,could find their approximate values: {p60), opSO), (paO), opSe), pSO) and

p£O), he can determine the approximate value gint), substituting g(O) and
sb(O> for q and pa in equation (7):
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          {p£,i) ,,. ny lg,se),lifl,lil2'-lllEO')rY{p'`.,(lt)'r>t.(.) ).,........... (i2)

                 { ({p£O)-FbE,O))r>rt`(m) J '
   In the same way, in equation (11), if one could find the true
values of g., cpA, `pb, spB ete., he ean determine the true value of Fe..

   Even if one eould not find the true value of {z), if he could find

the approximate value of op, say {pE'), {pSt), g)Ei), g)S}O etc., he can

determine the approximate value pa£i), substituting 4)(!) for op in equa-
tion (11):

   pbsu ==: {ll/t"((g"3,")tAa'( /ll,i,l)`Bb"" '(:Ii.lli)'Gg)''o ('3'

   The
present
and 9.
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                   Fig. 5.

 ealculation for equations (12) and (13) is worked out, in the
method, on the frame-schema, for example as shown in Figs. 5
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   Fig.5 shows the position of the values: or,t, and .ZillT to be
written and Fig.9 shows Lhe lnumerieal example of a four storied
symmetrical bent with three bays, carrying a load horizontal and

concentrated at each J'oint on the left side of the structure. This
example will be treated in the following seetion.

      (2) Deg"ivation of the Apl)oaoxinzate Valzees of pa a7ul cp.

                                                    t.. I]"or the cantilever bearfi shown in IFig. 6, earrying a load E] W,

the deflection a under the load is given by the formula:

                                   rr  S?jni$ag+ns+･･i･･+ns, A-- =,.VV,'.he -= ;li]EY.".hg

      tXil･x7zaa'ehZ?s+"'"'}:h3}y

                            From the equation one gets:

            N p'          "7  .`i)..-" ･i Ah.----6Ehd,.=:2hrtr.M7

  "Fik6"' =`zrz' ･"･･ (i4)'

   While, for the bent shown in Fig. 4 the expression of pa. is
approximately given･by the tbrmula:

                 (o)h rz                          -oe-o}oo-ee---e-e------}t-oe (15)                par -arz

in which cz,. is given by equatiori (18) below.

   Assuming the positions of infiexion points at the middle of each

girder and column, one gets for equation of q at the joint m in the

bent shown in Fig. 4:

              {ph') = {]-{pao7o(m)+patt7u(m)} ･･････････････e･ (16)

                                       (see Fig, 4)

                                             '
   Assuming farther "･o and pa. to be equal and writing them as p,.
 .

                                tt
                                                   '              {pSOt) =: 3pa?･{7o(m)+7u(m)> ･･,.............･.i.` (17)

                                                    .                                    '
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   SubstitutiRg the expressions of {p fi]om equation (17) in equatiQn

                       (o)ny -El)
                      Pr ti a" 7".

where

                            1
                      ar =                          1-Q
and

                  t ttt   (2=-il'{[(7o(A)+7u(A))+(7o(a)+7u(a))]tAa

     +(7o{B)+7u(B)+r>'o(b)+rYu(b))tBb""+(r>'e(n)+r>'u(R)+`>'o{r)+r>tu(r))tRr

      ' +････+(r>to(G>+r>r.(G)+r>"e(.)+'y.c.))tGg}.......･･････(18)

   ll]he values of 7 and t are to be given as numerieal values as
shown in Fig. 9 and a. is therefore worked out from equation (18) and

the approximate value of pa ean be determined froiri equation (15).
-VgThen all the values of sL are determined bn each story, all the ap-

proximate values of q) at every joint are calculated from equation (16).

   "

       (3) Bents with an Axis of Symwzeto'y of the Bi,eileliny.

    IF"or the bents with an axis of symmetry, the calevtlation is
simplified enough to be done for the half of the structure, i. e., on

the left side of the central axis. '
    IFor the symmetrical bents with the number of bays 2･nz+1, the

symmetrical axis of the building passes through the middle of the
central bay, and the joints on both 'sides of the axis are to have the

slope of equal amount and the same di'rection.

                               ag

                               ag

                               PE;

              (a) (b)                           Fig. 7. `
                        '
    For example, in Fig. 7(a), g. == g.,, qb == gpbt ete., and therefore

on suehjoints as a, b etc., substituting g). == g). in equation (5) gives:

cc'
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  ･ 9D?n = -{({Po tu Ao) [O'o(m)] + (q)u ti ibbu) [r>(u(m)] + {Pi [7i(m)j},

                         '                                        '

             Kb '                               K,,   [7o(m)] = p. + -k];-. ' [7U(m)] = p. + KL.

   [ori`m'] =" p.tsu, Pm'=2(Kb'-leK;･+-Z{rL,+K)

                      '
   In the case of symmetrica,1 bents with 2onz bays, the

axis of the bujlding coincides with the gravity axis of
columll and for example, in Fig. 7 (b) qa == qa,, gb == qb,

sueh eentral joints as A, B ete., putting g. == qt and
tion (('")) gives:

                                           '       qm == - {(gPo-pto)7o(m)+(9Du-itbu) 7ie(m) +2CPe7i(m)}....

   If the approximate values of op and @
in equations (19) and (20), equations similar to equation

obtained. '

(1 9)

   symmetrical
    the central

   'ete., and on

      .7r -- 71 m equa-

             ... (20)

are known and then applied

            (12) may be

       III. Application of the Slope Distribution Method.

   As the numerical example of the proposed method, a symmetrieal
four storied bent witl] three ba>rs, carrying horizontal loads eoncentrated

at every joint on the left si(le of the strutcture is shown in I[lig. 8.

   [l]he nurr}erical values written in the side of each .member show

the numerjeal value of K (or Jls) for the eorresponding column and

   It is required to find all the resisting moments at eaeh joint of

   (1) Po'epaaratoo'y CaJcLelat'ion.

   From equation (6):

  poi = 2(O.8+O.7+1.0) = 5.0

  po2 == 2(O.8+O.7+O.8) =･= 4.6

  po3 = 2(e.7+O.6+O.8) = 4.2

  po4 == 2(O.6+O.7) = 2.6

  pn :2(O.8+1.5+1.o+O.7) == s.o

  p,2 =: 2(O.8+1.5+O.8+ O.7) == 7.6

  pi3 == 2(O.7+1.2+O.8+O.6) =: 6.6

  p,,=2(1.2+O.7+O.6) == 5.0 Fig. s.
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The same equation

at joint Ol:

          O.8
     7o =          5.0

glves :

== O.16, 7r =
O.7

5.0
= O.14

     1.0
oru == '
     5.0

== O.2

at joint 02:

     O.8
7o ==
     4.6

= O,174,
     O.7
ry". =
     4.6

= Ol152

     O.8
rYu =     4.6

== O.174

at J'oin't 03 :

     O.7
7o ==
     4.2

== O.167, v,･ ==
O.6

4.2 --
 O.143

     O.8
rYu =     4.2

== e.19

at joint 04:

     O.6
7,･ =
     2,6

= O.23
     O.7
7u =     2.6

== O.27 '

From equation

   at joint,11 :

[7o] ==

(19) :

O.8
= O.084
       '

[,YN]
1.0

9.5
 = O.105

v

8.0 + 1.5

      O.7
[r>tl] =

      9.5 --
 O.074

at joint 12:

[7o] =
O.8

7.6+1.5
== O.088 [r>(2e]

O.8

9.1
== O.088

      O.7
[ryi] =
      9.1

== O.077

`

･
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   at joint 13:

      [7o]==6.60+'71.2=O.09 [7.]:=-9ilg-g==o.lo2s

      [f>r,] == Sf:g-6 == o.o77

   at joint 14:

            ov                = O.113      [7u] =
          5.0+L2

          O.6             = O.097      [ryi] ==
          6.2

 Equation (10) gives:

        M = h･O,8P =: O.8P7}

        lilh = h(O.8P+A :1.8Rh

        "EZI, =: 1.2h(O.8P+ P+ ml)) == 3.36I]7}

        H4 === O.8h(O.8P+P+P+ P) == 3.04I]7b

        Z = 2(O.7+O.7+O.7+O.7) == 5.6

        T, -- n= 2(O.8+O.8+O.8+O.8) -- 6.4

        T, -- 2(1.0+1.0+1.0+1.0) =- 8.0

        H, .. O･8Ph･ .. o.143R}b

        n             5.6
        k .,. Iz!･S-8 Rh = o.2s2A}

        n            6.4
        -ZillL = 3･36 ph ,.. o.s2sl]7i

        T,            6.4
        ,,Zl.l = 3･04 J2h .. o.3sRh

        z            8.0
       ti(A.) = ti<Bb) -- ････ == 3(sOf67) =: o.37s

       t2(Aa> = t2(Bb) =: ････ == 3(60fi) = o.37s

107
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           '            t3(A.) == t3{Bb) == ････ == 3(60.'i) = o.37s

                            '            t4(ha) =･t4(B,) = ････ = 3(s.1.･oO) ･==･ o.37s

   In the present ease, all the values of t are equal

because the expression of t is given:

                                        '                     3K 3                          == - = O.375.                 t ==
                     2(4K) 8
                                   '                        '   Fromequation(18) ･ '
                           1
al -

a2 ==

a3 ==

and take O.375,

 1-g(O.375)(2) { (O.167 + O.19 + O 27) + (O.09 + O.1025 + O.113)}

.7. 1.9

                                       '
        '                                  '                        ･1
 1--l}(O.375)(2)<(O,174-i-O.174+O.167+O.19)+(O.088+O.88+O.09+O.L025)}

                           1
  =1 -2.Xt (O･i]75)(2){(O･16+O･2+O.174+O.174)+(o.os4+o.los+o.oss+o,oss)}

   Similarly :

a4 =1.4

   From equation (15): '
  '. paSO)･=:air7,i,=1.9sOi68Ph==O.272Iv}==o.3R]b

          paSO)==a2:l:,ii, =2.2li84 ph=:o.6,p7i

          fo50) =: a3 ft,, = 2.2 36'i6 Ph = 1.2-z]72

                       '
  ' 'FkSe)=:cz4[lil[IE==i.43s'.Oo4.zi)s,L=o.sfvb '..
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   I rom equation (16):

       gS2) =- g{(1.2)(O.16)+(O.5)(O,2)} rvb == O.20Ph

       q60,) == -32 {(O.6)(O.174)+(1.2)(O.174)} I7, == O.21Rl,

       g,E8) -- -?, {(O.3)(O.167)+(O.6)(O.19)> Rh, = O.11.l7}

             D

       go60,) =:-, 3,, {(O.3)(o.27)> -- o.os4Ab

                   '
                        '    /
   Similarly :

       gE2) = g{(1.2)(O.084)+(O.5)(O.los)}th

    . =O.10Ph
      'opSg)=O.11.Ph, qf,O)=O,059rvi,,

                        '       gfe,} == O.0231)Z .

   The values of 7, q<O), p<O} and H/V', which have been worked

out in the preparatory caleulation above, are written down in the

corresponding joint and story, as shown in IF'ig. 9.

   In the figure, one finds, by the side of the columns, the values

of 2t instead of t, because the symmetrical eondition of the eonstrue-

tion of the given bent makes it convenient jn ealcu)ating equation

(13). 'I]he reason why will be explained later on.

           (2) Calczelation o･7z .Z}'Tao7ze-Sche7na (ii'ig. 9).

   It is required in this section to find the hyperstatical quantities

sp and fo. This caleulation is not to be worl<ed by solving equations

simultaneously, but is, in the present method, to be worl<ed out

mechanicaily on the frame-sehema.

   The fbllowing calculation is on]y to trace the calculation proeedure

and not to show the proposed method of ealculation itself. The
present method is to be worl<ed out on Fig. 9.
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   From equation (12), lool<ing at Fig. 9:

      atjoint Ol (Coeff.:P.h djsregarded)

   qs? "= -( [:i151I:tt:lili(,]iffs2'7r(oi)l

       =-1(O･?-IJ.i,?IZ･,i?8.,,,,,.,,,l

                                             tt
      == +O.159-O.O14+O,10 =: +O.24. 5 (Coeff.:Plt, djsregarded)

   The multiplication of the calculation js to b6 done by slide rule
and there are written down the produets in tl]e side ofjoint Ol as

shown in Ng. 9.

   In the same way, at jo'ine 02:lt'

       opSE)-=-(iZlli,-..,//i',(;,'i,12,,fo･ii)(o･is2)l .

          = +O.085-O.O17+O.166 = +O.234
            "Here it is noted that q81) was used instead of opS2).

   The order of caleulation in eonsidering the adjaeent joints is to
be n]ade in eloekurise direction, i. e., the upper, right, Iower and the

leftJoints. .
   In the same way, all the values of op<O) are obtained:

                                                 '   ' qS5)==+o.lo2, . .,
       qS}'=+O,049, qS)==+O.127, evSi2)==+O.125

       qSY==+O.066, gDSI)==+O.02

   Nextfromequation(13): '
    .s" =- ii,i+2((:+E.,l',)to3to4+([]+i,ll)ti3-i4)

       =--k,+(2t)((Z+/1/l)'(:"i･i･l)l' ,･

       == o 143+(o 7s)( ( gl?t92 ) + ( Oo'tsOtZ )l =: o,143+o.17s =. o.321
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   This ea]eulation is to be done reading the numerieal values written

in B'ig. 9 and it may have beeome elear that (2 t)'was written by the

Side fi,f teia,gh,.C.Oi,UM. y,lnstead of writing (t).

           .si) =g, ?s2+(o li)( (.g ggi)+ (: ?:2)l

             '=7,O.282+O,395=-O.B77 ,

               tt           .,o=,.,,,.,,.,s)( (. giil:l,).(gll:3)]

              == O.525+O,549 == 1.074

           paSi)=O.38+(O.75)<(O.245+O.127)}

                ttt t              ,: o.3s+e.27g tt O･6P9 :

                                      . 1/.   Againfromequatiop(12):.. 'i' . .,//.'f
               .'(o.2p,4-i.o7'4ii('o.,6) ･,1･111.

           gp6?-----' t' i (O.127)(O.14).l.'

              ,.,;-1.(-O.659)(O,2) ..,,,

              ==+O.135,-O.O18+O.132==+O.249 ''

           q52,) == +O.10-O.O19+O.i144 = +O.225 ,

                  '                              ,/ ･･                             /t t   Such caiculatjions for op and lb,Eare eontinued on Fig. 9 until the

conseeutive values are obtained witli small differenee bfetween them,

   'I]he result of the final caleulation is as follok's;. (Coeff. P.h)

                            ' ''11                            .,qo2=O.223 - .t          4)oi=O.25, ...
                              '          qo3=O.127, '.'qo4=O.056 l
                                         '                              j ''          gDu=O.131, g,,=O.12
          q,,=O.077, gp,,=O.026
                           '           pa,=O.357, '@[,=O.692

           pa3=1.068, pa4==O.665(Coeff.:Ph)
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               (3) Calczelatio7z of Joint A'fo7nents.

   With the values of gD and pa, whieh were obtained in, the fore-

going caleulation in Fig. 9, the joint moments ean be worked out as

   From equation (2)
                        '     '          ]%i-o2 == Kbi-o2 <29oi+qo2-P3>

                :O.8{2(O.25)+O.223-1.068}Ii}h

               == -O.28.l]7b

          Mbi-ii == Kbi-n{2qoi +qii>

               -- O.7 {2(O.2.)"") + O.131} llJ} = O.44I]Vb

          Adbi-oo = Kbi-oo{2qoi-ti4} =-- 1,O{2(O,25)-O.665> RIb

               = -O.16Pli,

          etc.

           IV. Sectional Summary and Conculusions.

   The general conclusions to be drawn from the proposed method

of solution may be summar,ized as follows:

   (a) The aceuracy of the Slope Distribution Method is tl}e same
as that of the Slope Defleetion Method.

   (b) A knowledge of arithmetieal culculation is sulficient for the

caleulation of the stresses of statieally indeterminate struetures.

   (g) A frame-sehema itself, so to say, embodies a syst･em of

elastie equations to be solved and all the complete ealculations to find

redunaaneies are workeC{ out on the figure of the frame, applying
only multiplicaeion, addition and subtTaction.

   (d) This method ean be applied quite meehanically. For deter-

mination of redundaneies one is not restricted to the solution of
simultaneous equations, but the method is nothing but to solve one

unl<nown from one equation,
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   (e) [1]he proposed i:nethod has the charaeteristie that it is easy

to beeome aware of mjsc'aleulation during the course of intermediate

caleulation and sometimes even if the miscaleulations were continu'ed

without eoming to notiee and without eorreeting small mistal<es, little

effeet is exerted upon the result of the caleulation on].v causlng

further repetitions, while jn the ease of process of e]imination of

redundaneies even a srnall miscaleulation yields a fatal effeet, without

anyehanceofitseomingtonotice. ･ ･


