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LSRRI BT D EEREM A step T KW AEHIE B
HDTHD.

NI | -El ectronic Library Service



Architectural Institute of Japan

d¢ : g
z P B b OB
d¢ s (1—6 ZHD
state S 1238 BERH D g OfzE (local R D y

E—6

g mIcE L) & oS@) 45 L, state S+1 12k
I BAIE oS () i
vs+l(x)=vs(x)+dv(x) ..................... (3)
YEbEND, & state [ZBWTHZR 65, o5 1TK D X
IIZEUDIND,
dz? dx*

{1+<c§§ )2}3/2 =TT (1)

¢S

dx?
d,US+1 2Y3/2
()
d2S  didwv
“dx? + dx?

= ddv\ "
{1e(o+222)}

SCEERTWD ddv/dx X0 ICHEEL THUNR

¢S+1 —

DOTHB TS L,
dzvs + d*4v
dzx? dz?
¢S+1 = _W ........................... ( 6 )

T, RO 46 i3 65 L ¢S LOETHEH,

4p =95+ —¢°

d*dv
_dz?
- (1+02>3/2
L%,

de, PREDIEDE
BUNKR de iy 2 27 AOEMEBEH TS L, M—
6 #ZHBLT
((dv+ddv+0 dx)y—4v}?
+{(dx+du+ddu)—4u}?
= (L deg) V@A FF(dDE2 oo (8)
LAY, ThEHEL (do)? THD L,
(422 o 242) o(12)

=2(1-402) degerernes (9)

.................................... (7)

LB,
FEEL LT, REIOBENTE do RO L HCRDE

no,
1 ddu 0d21'v+717(d11-v>2}
_1+02{ dz UTdx 2\ dx

de, BHE
thshi EOMAE L HROBAMCLDIEEMASL I L
Tk oT, HREND 2 BTEENC S OBESE deo 1T
KRDOEHeERbINB,
de,=dey—4¢ 2
du ddv 1/(dd4v\*
= (1-}1—02){ddx +6 dx +_2~< dx )}
1 d*v
TT(aw6n T dat
2.2 BAHEAEEK
PAERTER L LT, BERRENT L, BB
ZABZ L EEELT, ML THBRAVLATY
AL Y, B, EXHME HICLRTOEmD
KEDOEHEREZH W T
du=d,+d,x+ d;x?
dU=0a+ AT+ A+ &2+ gt

de,

e erreereaeanes (11)

12)
46= ddi:v =a,+2ax+3 &,x*+4 do?
L, G~y i3 T OWMSENMBEE O RE R
BTHD,

 OREEET, TOEETIE, MOWMM L OERE
AR

— 61 —

NI | -El ectronic Library Service



Architectural Institute of Japan

WIcT oD DERFMEEBEAT S Z LEHEgEA DT, &
—T7ITRL72 & 5 7, EHM O, haicBi) 5 8#HD
BB du LRERE* @ L O—RZ2ER &k

ERETIZBRTEREMIZTRT, FM iz
S Z O E @5 local JEEIZ X » Tz = 2 T8
721z global FAE L LT, 3T OB iz 158 70 fase iz

TPB<s BEERT 5. 20 }
4w BHER I 51 B0 e ve
At 121X G » subscript ‘O
jl;] o Cduc L%k
du= Av; ....................................... (13) btz rizL, wkiz .
4o, duc ¥ du » OFI% %
N Bk B, /\ﬁ/
i Xg, Ug
49 ; X—8 iR T X9 0 -
o 1z local FEERES glo- B8
a; bal JEFEIZH LT A HIEER L TWS L35 L, sk
s MR tE L Y,
a, dug cos 8 —sinf du
BZ g, g (13" {A vc}:[sin,@ cos,@:l : {Av} --------- (18)
o DO RBERIEELND,
% THEEHOBEDOHAEMCERT S L Juc & du
e L OB,

du b a L OBRRIIEAEMBERICELFh o 2 & dug; A -p *q (du
BROEEZRATZZ LIk > TKRAD X 5oz ko ducm + 2 -1 . dupy,
DT ERHFES, ducj .« ¢ 2 . —u du;
duiy 1204« o . . . a 4vG; # A e 4v;
du, 1 . o, dogm (= | « © « « 2 dv,
duj 1 24 . e o Ma, dvg; < e oe e 2 dv;
4 v; 1 -1)2 ?j4 -1*/8 ['/16]|]|«, 406 oo ol 46;
AUy (= 1 . . . a5> 46 LR D S A v/
dv; 1 y2re4 peornellel 19
40; < 1 - 3¢4-12 ||e, F %, dug=L-du=L-Taa = ----.. 20
46; - . 1 1 304 )2 e, 7212 L A=cosf, a=sinf = ... 2D
.......................................... (14) bRy, HivrbV v 7223 ETB L du T

72X, v 8NV vy 7 REETHRERETB L, duc Tk->TRODX S IZRDEND,

AU =T @ overrerereneremneneineesenenaraennenennns (15) du; A yZ . A duc;
&Y, B h) v 7AEHE LT a & du TRbT dttm s A pooee duGm
r, 4u; o o 2 Lo e dugj

a, . 1 ~ (4 u; 4o = e 4vei
@ |- - 1 V. Ao (TH e R A
: dv; . — 2. dvgj
o, 2102 -4 2/1* . . du; 46; . . 1 . 40¢;
a, _ . . 1« « . dv; Y | 1) t06,
ay (= . =3/21 .« 321 -1/4 -1/4 {4,
o, . C 48 AP 20120 4wy | e 22)
, . e 2B« —2/p 1 12 || 46, FlE, AU=L A Ugreeeereerrenierneniininn, 23)
as) t e e e -8/I016/14 -8/l -2/1° 2/1° I\ 48 ; Ih&b a b duc L OBRRIE,
.......................................... (16) @=H-dug - eveerervniinnniiinniiini . (24)
* 720, B=T A Uvervevoeeeeeenrenenannannen. an 72750, H=T 'L i, (25)
DESIRD, 28, BEINESL, AEISH EEEZ L85,

{%Orv\éfci%ki; a3=d8:O ?&59

* du,a SOKFIR=7 b, ERE< MY » 7 AREKT
3. ,

— 62 —

2.3 BB RXNVFX—0DHE (Appendix 1 HE)
WABMIC L - THEEFBICES DL ORI BT R LX
— 2 TFTRIZFRTL O 2 2IehbiF THESY 3,

NI | -El ectronic Library Service



Architectural Institute of Japan

U=U, 4 U, ceveereeereemmmiiiineeei (26)
#2772 L :  U,---initial stress [2X 5 H D
U,---incremental stress {Z X % % D

IEH—EOBR I VISHIPBERARICEL TS AT

TH %
o (12) Xo#
LizkoT a EANWT

DTN EMD TS

ddu 0 ddv
dzx * dx
=(0 122 0 60 202 302% 40X3) o @ -wreveereees (28)
4V _ 00001 2 32° 4z%)e@ oo 29
dx
d*dv
=0 00002 6x 12z)ea@ - (30)
dx*
LEbLTZEBHREME, U, U, BIRKIRT X5
HEINS,
U, : initial stress [CXB3HD
Ul:JJJ degxdxdydz ........................ (31)
v

?ié el —C) (11> it%)zﬁv\vcgif:a

ddu 0dAv
= 1+62 dx dx

] dAv) }_ 2 .
T?( d.r (1+02)3/2
72,

U, =U, 4 U+ Uy ceeveveemmmmmmmmmmmninisnnne (33)

72720 (33) ROFHIKIEFT LRI b, &
ixw Ry v 72k a b OEMCER SIS (Appen-
dix-1 R A,, A, EORNFIRIZTT.

1 ddu ddv
Uan,(WL"di)(Tz?” dx >dx

zaTAl .......................................... (34)

d A'U

]dAd

ot al i a DEBRY FVEBRT
1 d*dv
——aTAz ....................................... (35)
1 1/dd4v\*
UIZZJI(—1+6Z JAG_,(ZA)E< d,l‘ > d.l'
=%aTAla ................................. (36)

U, : incremental stress [CX2HD
UZZJJJ' lE(AEJ,)dedya'z
ddu P didv
1—4—0z dx dx
dAv)“*}M :
*“5( dx (1502
**k 1/2.(d 4 v]dx)* OEE, U, U, KB LTSN T

L, Folk, U, CEENDHEDHATHHNEZLEDD
THBEL /2.

dAv

JdAd

.......................................... (37
U2:U21+ U,,+ Ul servrereneeninnconinncieceenn. (38)
=L,
1
on=gf {(or) [ P
ddu  ,ddvN' 5 L TA g,
(——d—l‘—TIQ dx ) d.il)— 5 a Aza (39)
1 1 1
U22: —?JI{W WWJ‘AEZCZA} .
ddu 0d4v d24v+d2Av
( dz ' Tax ) dr | dz?
ddu ddv
:—%aTAsa ................................. (40)
— 1 1 ¢ 2 .
Vo= [ [ {remim) - as |
d?4v\*
( dx? ) d
%aTA4a .................................... (41)
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DIBEBEICEY R EAEHT N OMERS Z LIk

> TRAMEREE T 25 TH 5.
Jlf,zf(x)dx=iélH,--l-f(a,-.n ............ 48)
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a;ol: BEREEZ R TN ESOME,
Hil: ZEABIEICHT 2 & EH,
AL T n=9 & Az a;, H; Offizk—1 12
RTEORLDTH S,
F—1 Gauss KESARORBEIE & EA2FHE (=9)
i a; | H;

—0.484080119753813 0.040637194180787
—0.418015553663318 0.099324080347429
—0.306685716350295 0.130305348201468
—0.162126711701905 0.156173538520002
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0.306685716350295 0.130305348201468
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=alTA +%aTAa ........................... 49
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R L7z~ bY v 7 R, EXiERT7 bVOERBCTOE
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* REOT LY v 7 ARRE OHEL
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Ur=2% Uy,
=ducgrTB+—ducrTB dugr (53)
7212 L,
ducr : BERORWH LR~ bV
B=H,TA,, - ceoeeorrmremiriceninnininns. (54)
B=3H,TA, H, - coeeeerrereroneeninrees (55)
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SN0l F w iz,

W=dUTTF ceerevereeeieiini, (56)
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F:ducr izxtia Lz " T, @4 HER
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25 BRIV VERAX—-DFE
RF Uy v VR - state S 2B WT I @
MBIz -1+ 5L, state S+1 22T 31z w
DHEFEEZL, Ur B EERALX—-L L Tkl{bxbd
nBnh, state S+1 TBITFARTF LV v LT R ALF—
s+ 3
/R / A T g (57
(53), (56) Kxy
I =I°—AucrTF+dugr’B

1,
-i-?AAuGTTB ducr

:HS+A uGTT(B—F)
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BNRT ¥ v VT XX —ORRANC T T, B
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TeRT vy vy VERANF —2EFERIETWBETTHS
RF v s VEXINE—DERZFEH), o2 thbd,
SRR OENFRBEERNT duer ERETH 2 LN

BRETH B,
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JFHEIZ XY
Sducr 128t LT OISt =0 +reeeeeeinnnnnn. (59)
EBL, Thi
(B=F)+4+B AUgr=0-reeereeeeeeaaunnnnn (60)

LEEESNADNS ducr FKICRTHEN — R R E
Lz Ltk - TRDBID,
BAugr=F—B-tcreeeeeraiiiniiniiiiiininn, (61)
FRILTE, ZOHFBROMEL LT, 17, FlLbic
ANBZ &1T7% > CEHET % Sweep out % iz,
§3 state S MS state S+1 ANDIETFE
ZZETCOHBETRE- N EME L LIZLT,
state S OREEE state S+1 ORE~EIE L EHT 5,

3.1 f N O HE
BHIEOEE Y I Ul Efc k- TIRD &
HITEIET %,

25 =25+ dug; (i=1~n)
yi5H =y,S4dvg; ([=1~n)}
12l dugi: ducr DN, i HF DTS AHES AL
dvgi : ducr O, { HiEOYIFEIEREN
3.2 EHNOEEE
AN R ORERE @ i3S EN ducr DD
dugizk-7T, (24) Rk

ERLENDPG, 12) KXV RELKRD 3 >OMsR
BT EREOMEERAT S Z LI X > TEED R TREH
X5,

4
dd;ﬁ=<o 1220 00 0 0)a

ﬁ%gi=<o 0 00 12z 32°42") a
2

%ﬁ;=(oo 000 2 6z 122 a

ThEBITkDZTROBRICKRKATIZLICX->T
WOEEEEOETHEICRD I LA TE S,
Sem 1 fdAu+ﬁdAv+l<dAz,>2}
T 1460 ) dx dxr ' 2\ dz

1 d*dv
A¢— <1+62>3/2{ dll }
ddv
dx

40= —R

7: 7?: L/’
r=1

‘Z)j—-d Ui

[
=(0 0 0 0 1 0 24 0) @ -eveeee (66)
INHOFER % state S OEBEE T HN 2 T state S+1
DEEIFEIh S,
5t = 6,5 + de
¢St = ¢S 4 dp Y e (67)
65+ = ¢S + 40
B AINF—2BEREIICL > THELTWS DT,
IhHOFEIE (48) RN THA L7z ai-l TS L 7o
PRI T - TRFE LW,
3.3 EHMANOIRE
HABIC X > THHANOIEESMITRD X 5 ITEE
ENBRFNER SR TN OHERE Lo, 1
deg=deg—AP 2 crevveroerseceniininiiin (68)
Thd9pb, H—BOBREANWTHE—9ZRT LD
BRI NES R EBET S kS,
]axs""EAexlg Oy DESMTRF LT
ng+1=gy ................................. (69)
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[0S+ E de |<< oy OEFITH LT
UxS—H:ng_,_E dep ceeeenriiiniininan, (70)
AL TRV RE T, BEANTR—9 IR L

p— Oy —4
g A Eggg
A éégg
l——oy—d
[
i
77772 : 7
4 -
P
=
.—-.__o-'\v—J
p— 0y —i|

B—9

& 5 RISHE DEL YT 5 RO 20E TIEFHE R HE
KL THHDT, B LIRS OHEIC X - THERIS
FESRCR > ZRICOHEER T 52 B TE D,
§ 4 iteration procedure & step by step ap-
proximation [ZD(\T
VYUEDX 5iz LT state S 738 state S+1 ~DOLH
BFRTRT L7228 %, FXTHhIR~72 Xk i,
step by step &, iteration EZEFV, ThE ToHE
ERRL T Z LI & » THEREMFEERCE LS
32 L AHE S,
iteration procedure
Fiz/2RRE (state S+1) IZRBWT, AWEISH X YK
HIFIRIE, BANEELL - T RTFhER SR
W,
FS=BSHl ittt (71)
=L
FS:state S BTN EFRT R bV
B3+ i state S+1 (2B THERGE 12894 5 72
DITLRE R HiA T
Lin L, BEOFT - ROMEST, MBI L 5%
RO EEIZ X > T, ZORXMBELCHEESH
TWBZ EFIFEAL RV, TITTRHWARTRT bR

— 66 —

WHEDIRFE FHE (iteration procedure) Th 5, A
XIZBTBEETIIN F 2R s Fic 3E~ 6 B0
AR EBERT Z L1z k- T iteration &7

OHEBEBHEEND L HIT LT3,

step by step approximation (incremental ap-

proximation)

DX 5B D iteration F1T7e - 721k, BEREM:
EIMLSETHIRREBZRD TP, Tk H iR
St BREAIC B L S T F ik % step by step &
W, AREC T EFE O interation & Z o step by step
EHAEDETHAEL TS, H—10iz3 T XL 5iCad
b d B ROENLKRD state ~HEA T { FE A step
by step approximation T Y, a—>b—-c—>d Lg%
I &/ 23 B iteration pcroedure T 5,

Appendix-2 i, YULOHEOFIEE Tu—~F x —
TRLIEHbDTH %,

step 1+ 1

force e

step i

[teration procedure

deflection ewasmp-

Step by step approximation

BE—10

§5 @ W B
Db L CE B iRIcb L 5%, BRI f#T
L, EFICHETNEFMBELERLY, ZZkzo—4E
BT 5
5.1 #fify N CTARFECESNIZL L M T RDOREE
IO OPIREIZI—121ZR T X 5 IR (MERFERE &%
ELRTIEBITHR L WETH 5. XX —EEIC
o TEMERDS L
P:AE(¥>+2N(¥>
=0.2L V342 Ve, 73)
LR DBPEBNTORR L E -2 —HLTWBI b
VIERoRS
5.2 Elastic buckling problem
K—13\z R 3R ORE 2 RT3 5. BUEMENTIC
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4 step sb
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.
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FEIRNVF—0HE (AX 2.3 x5 BHE
BHNOEMRZ MV u(x) 212K 1D,
u(x)=f(x)a
LEDLT L EHMANOE (@) ZAEHICL 2EBLE
BT 5720, A-1 RoMaXiclTs 2 kA3 mabh
T, AL 28,2930 & LIRZRALTHEDLAD LI

Ex(x)zg(x)a+%arh(x)a ............... (A_Z)

7=iZL
g(x) 1T (I1x8) o7 v
h(z) i Bx8) »=hV v R
DEOITEEDLIND,
BHMAICI A bAoA BEFIAX~— U RIS
op BEELT 31, 37 Xk,

U=‘{JJV{0051(I) +%E sz(z)}dV e (A-3)

LB,
oI A-2 KERATBELE A4 KB 5,

U=JJJV{: ao{g(x)a+%a7h (x)a}

_l._%E{g(x)a}z]dV ..................... (A_4)

(Fzi2L, AXTHRLIZE D, A2 X2 X A-3

KEA~RAT DR, BUNEE UTHEEL7)

ZITHRbNI. A4 NEACCFT L7 34, 35, 36,
39, 40, 41 RICPIHESHD LRD L DL D,
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v v
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v 2 2 v
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Appendix 2 Flow Chart

START

READ & PRINT INPUT DATA ‘17

. properties of materials. e.g., E, oy
: coordinate and boundary conditions of joints,
. characters of members.

e. g., thickness, depth, width.

|

PREPARATIVE CALCULATIONS BEFORE
LOAD APPLYING.

. define mid-points at each members.

* arrange unknown deflection vectors over
ali joints and mid-points.

: calculation of F° from initial stress in all
members.

———————
: READ & PRINT INPUT DATA 27
' . number of Steps.
i . number of Iterations.
: : AF (incremental external forces for one step.)
1 1 AUp (incremental prescribed displacements
l for one step.)
| |
!
1
i r—— - —)[ LOOP ------ s = 1~ number of Steps.
|
|
[ J/
i i FS= F\SL" +AF
1
[
I - )l LOOP ------ i = 0 ~ number of Iterations. I
[

1
!

BS*!'™' (internal force vectors.) = 0

il
=}

B%"'™' (total stiffness matrix.)

I

i 9L LOOP------ m =1 ~ number of members. ]

|

formation Hm, and integration Am, Am

for state (s+i—1) of m-th member.

!

assemble to BS' i Al, BSLi_l
BS 1 - s i yhAm
B = 8BS 4 i AmHm

SOLUTION OF SIMULTANEOUS EQUATIONS,
AND OBTAIN au®"!

introduction of prescribed displacements.
ifi=0, aysti =AU§ (only at prescribed joints.)

ifiz1,aU% = o (only at prescribed joints.)

FS — Bs"i 1 Bs*i"AUs"i

— 70 —

!
|

7L A-T R0 gT(@)g@) it (8x8) = kU v
TATH D,

T

|
|
1
|
1
|
I
|
I
I
!
|
I
I
|
|
[
!
I
1
!
I
I
1
|
i
|
!
|
l
|
!
|
I
|
|
t
!
|
|
!
L

|
!

CALCULATION AND PRINT OF CURRENT TOTAL

DISPLACEMENTS.

Us»»i — Us-i-—1+ AySH

}

= LOOP ------ m = 1 ~ number of members. —I

[

calculation of Ae 3’ L 8¢St a6% Yrom ayust i

change internal state of members.
s+i sti-1 s+i
0 = 0 + A0

sti st i1 sii
Om = O TAhop

l

PRINT CURRENT STRESS RESULTANTS (s-i)
IN MEMBERS.

J

change coordinates of j-th joints.
s+i _ S+i-t s+i

X = Xj ) + AUX, )
,SHi o ysticl s+i

Y Yl + AUyl
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U.D.c. 624.074 :539.4
THE NON-LINEAR STRESS ANALYSIS FOR THE ARBITRARY
PLANE STEEL FRAMES

by Dr. MORIHISA FUJIMOTO, Prof., Tokyo Institute of Tech-
nolog, Dr. FUKUZO SUTO, Chief, Computer Division, NIK-
KEN SEKKEI LTD., and AKIRA WADA, Staff, The same
above., Members of A.I.J.

Next two pheomena must be considered for the exact structaral analysis of non-linear problem :

1) Material non-linearity; Non-linearities arising from material properties.

2) Geometric non-linearity ; Non-linearities caused by large deflections.

On this paper, numerical analysis of arbitrary plane steel frames considering above two non-linearities is demonstrated
by the Matrix Methods based on the variational principle and the Step by Step Method.

U.D.C. 620.173:624.074

TEST ON WELDED STEEL TRUSSES ADOPTED T-STRUCTURAL SHAPE
FOR CHORD MEMBERS AND STEEL TUBE FOR WEB MEMBERS
Part 5.1 : Elastic Behaviors

by Dr. KOICHIRO YAMADA, Prof., Fukui Univ., Member of
A.lJ.

It has been known experimentally that the strength and rigidity of the welded steel trusses of tubular construction
will often be decreased by the local deformations taken place at their panel points.

Therefore in order to make these local deformations as small as possible and to utilize the merits in the structural
shape-trusses, the author devised a welded steel truss in which the T-structural shape (half the H-structural shape) is
adopted for its chord members and the steel tube for its web members. In this welded steel truss we shall be able to
adopt two kinds of panel points in the construction of its panel points, such as the eccentric and non-eccentric panel
points.

In this paper a type of above mentioned welded steel trusses is treated, of which the panel points are non-eccentric
panel ones. A specimen is tested to find its strength and rigidity in elastic range under the vertical concentrated loading
at a panel point of its upper chord member, and the results in this test are discussed in comparison with the results of
the theoretical analysis on consideration of the second stresses for the welded steel trusses.

The results are as follows.

The elastic behaviors of the specimen in the test were found to satisfy most of the results of the theoretical analysis
and the foundation to get a elasto-plastic analysis for this welded steel trusses was established.

U.D.C. 624.078:539.4
THEORY OF THE FRAME WITH ELASTIC JOINTS (2)
An Elastic Analysis of the Frame with Elastic Joints (2)

by HOKATO EGAMI, Assistat Prof. of Fukui Univ. Member of
A.L].

In the previous paper, the author reported the theory of the Chain Construction with Elastic Joints from the result
of the experimental study on the Sandwich Curtain Wall. And the other paper dealt with a practical analysis in the
framework with Elastic Joints regarded as a structural member which may be deformed as well as a beam or a column.
Namely the structural members connected to a joint rotate in proportion the bending moment acting on those end of
the members and the rotation may be caused by the shear deformation of the joint panel. Then it was assumed that
bending deformation of the panel is disregarded and the panel part in joint is enclosed with rigid members whose ends
are hinged. The present paper deals with the elastic analysis of the frame with panel joints which rotates and is
deformed by shearing force.
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