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Fig.2-2 Target model
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Notes: Centroid —-—Neutral axis ——— IK,KJ

Fig.2-3 Rotations (See Fig.2-2)

Fig.2-4 Left-hand side part of the target model
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Fig.2-5 Right-hand side part of the target model
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Fig.2-6 Analysis model
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¥ > 7 £ % 205000N/mm?, FEIRSS S 235N/mm? 12 & B SE ARk &+ 5 08, BERUEREEICEI LT
N 2 B E AT LTS, £ N & N ILERFInG & L, il u % +3u, DIRIME THIJR S
O LIk VBI RS, HMEEL Fig3-6 (87, 2 2IT. u (3N, BHEIOBRM N, (2= LT
REOENRA R TH 5, REFIEITBOTT, WEEMED u, 13 L THA(B-12ab)r 65515 L Fo
BfR 2 VTR T 5,

U, = (- B)(ui +uf)+ {1-a)+ B}(uj —u§)+ {B—(2a-1)|CR? (3.30)
ZZic, B =(kN/kﬁ)-(N/N)“C“%éo YBYE E o AR o 13 Appendix 31T RE LD £ 91T, ALK 2IBHE(L
T BB A IO R RR & 2 B R Dok B, REFHEORIEHAFIC >V TIKED P
L BERE T 2L, (N/N)—E F oMM 1 ICRBIEM 2525, 7272 L, AECBN TR
ZE MW 2 E L2z, AR T L K IO 3 EFTotke 2okt LT, # 6 HORXOREKH

ExBIRIELTVD,
_ N M
@j(N,N,Mn):—co{%—"]i—”so (=i, ]k, EEFIE) (3.31)

T 2T M IEEM ORBEE— AL N TH D, PREMWTE ORI AIO BARR 2 E XYL LT
Appendix 2 (277, 7ok, BUERHROBRIC @) @) ORI active &I S nizBa, Wnh—hHo
active SRfF 2 MRERT 2 Z LIk V. FrRAICET HREZ R L T D,

BESAL FIEOMHTE T M T, M OEEOALEIZ BT 2 Wik ORI L OVERIC L 28 2 5 &

T o7, M < pEI Sz Bernoulli D ZEIERICEE D S RERIZ I VB I D, (i)~(ii)ic >0 T
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1J % 100 %43, (iv)iE 200 %4539 %, Fig.3-7 \Z- T K 912, I S A7 BER ST 2 JOSLEIZD
WT Gauss 2B 2709, £7-. WriEE F AT 20 @ Newton-Cotes F&4) S 2 3% 1T 5. S BT, MBI
JEEAERNTIC L v IS5 1RE— RORKIEIE) L/20000 & 72 2487- oA % H. 2 7= b CHBEEH %

BIh9,

3.3.3.2 BETILOBITERNOER

Fig.3-8~3-11 I[ZfNTHER 29, WTINOKIZBWTH, Y RVOAD)MNMERTIE, MOBEERIL
FIEICEDFERTH Y | MR LTI X D iEROHERE A\ (cycle 1-3)I2 L » TRl BB L O A2 A 2
TRLTWD, KHIO~@1E 1 [8] B OSR UG EREIZI VT, SR OM NI 03 B3 5 J7 1 % 7R
LTCW5, #REO@ITZEM O I O/ & il 2 (NINy-u/u) BIFR. ()i | OF— 2 > -l )1k B
(MIMp-N/N)BEFR, ()11 O — A > R =Bl AR BI (MM -NJ/N) BIGR & 2 Zaum L, SRR ITFEIR S
st @, (N, NM, )=0 T 5. SR WA 12350 T 335 5 08K % & el 723 4B e i
\CET D2 L CTMAPRKEIZELTEBY, #AMUT T2 & RRHSHM O£ — A > R AN
5. ZDOt%, Wik | oW A LT 5 (X(bD)HFVB)Z ik o TKREIREE 725, &K@ XLV,
JEORAS L ORAEHRD NINq-uluy BFE E<HIRZTEY . #5- L 2 [ H LD ATH ER (W) L0
WP 1, K, 3 0 RIBPERIEBIER (V) L C b3 ST B, NYNy-uluy B 0 5| BE £ i Brt
IZBWTRLN D ZREK T D C)L, BEBULFIENS W E OM a2 ROERZBET 2 FIETH
ORI L, MEFIENBMEL o BEICESL D, BEOHoEREZBRE LRV IV AL
HHDThHD, HBIBERIC L5 2R 5 HBHEFICEN D (i) OFEFIZEB VT, FFIZ Fig.3-10(b)? D @
PETAEBNECTND Z L b RIIEREE & 72 o TR | Ol E— A > RS RICEET S
WTWDDY, NNguluy BIFRIZ L < —BL TV D Z &ENRhD, F7z Fig.3-10(b)iz, (i) o> HLFAHEAT I X
% MiM-Ni/N, BEFR %7k LT D, NiNg-ulu, BEER, My/M-Ni/IN, BIERIZBE U CIaideiR LT & [RIBRIC A
TOMBERIZOT, ZZTIFEIET D, Wim | OB ot L & bIZERITED L, &RIREE(VB)
IEHEDOFRERN B L TWDHZ &nn, BEFEITRHREOREREZBE LSBT FIETH
HENVZ B,

PLEED  WThOFIBEIZEHE W T HIREFEL L OB L FIEOMITRERN L —HE L TnH 7o,

RREFIEDT L D/RT A—=ZTx LT, 55 OB E % 28 2 B TRETH D LW R D,
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3. 3. 4 HEMAHICKDRHUMRIE -2 HEHEMIC & HIRELE-

3. 3. BTICBWT, MUOEERICEEY 2B RS2 M L7230 10k LT, MRS N 048
EERLIZGAEICEWTORETFEN Y RMEEOND 2 L 2R Lz, ARETIE, MmsMT TR
RN D K 9 72 M OBER GBI T D24 A RAET 572912, Fig.3-12 [IZ/RT L 9122 DD
MIZ R0 SN D58 O P A 412, 3. 3. 3HLFAISICHREFEL LOHMET LOLE %

BIR9,

3.3.4.1 BiTR

FEMT AR IX Fig.3-12 127”7 2 DD _L5%AF (Member-1,2) 7 & % 5 i i& T 5 , ifii%ht O824 ¥ (Node151)
THWIZHEEA S, flili(Nodel, Node301)IXmlstsd S b, HrfH G 1a 50T &5 2 ©(S=3) &
L. Fig.3-12 (-9 Hl )0 Af 2 R LT RS 28 272 5, S WiEIL 3. 3. 3O & FEEE T
%o LIEMRo T, BMOEHMEICK LT, M R OMIE X 60 F82Y & 70 5,

ERTFIEICBONTUIBZEMICH LT 1 ERE AT, MBI 2INRGHRIZ3. 3. 28T
%o PNEREALRRSY u st L CIERB.30) DR E v 5, Mttt o DAL E a 1T, ABIZBWTixnTh
DOEMM b «=0333 LT %,

BEAL THEICH O D RNTE T VI, & 5%8 % 150 %45 L 7= Bernoulli ®Z2HGHIZ L W RS D, 7
B HEFE OB, G217 VSR 2 8E R E A AT L0 oD 1 IRE—F

D EKRIRMEAS L/20000 & 7 Ak 5.2 5,

3.3.4.2 BHHRBLUVER

Fig.3-13,14 |Zfig#T ik R4 7”9, Fig.3-13 1% NyNy-uluy BIfR % | Fig.3-14(a)~(d)i% Member-1 3 L O
Member-2 > Mi/M,-Ni/N, Bi£% 35 & O My/M-Ni/N, BEFR % | Fig.3-14(e)I3#2 & S 7z Nodel51 DRI fE 0 &
Member-2 @ ulu, Bt% %, Fig.3-14(f)ix Member-2 & Member-1 Ol &R EZ . ThEhosd, 22
(2. Uy 1% Member-2 {23517 % Node301 (2T MZE Dl /) N 23 Ny (23 L 72 RF ol & Ch 5, Mo
V2T Member-2 DA 8E(R J) & A K BSBEMEALT 5 2 Ll k> TRRIMADIZEL, 28eHt
Eed, TOBGITHHILFIEICB TS, R 2 DONME TRFFICEEE Vo OBRET DR L 2o
TW5, DR, Member-2 Ol u l2x L C Member-1 O#ilifiifi & u 235 0 . Member-1 Ol /373

BRI SN D, ZD & &, Member-2 2> 5 BAUE Member-1 12 X 0 B3 )5 X4, Member-1 725 R,
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% & Nodel51 %4 L C Member-1 [ZHIF23E U %, Z ORI, BEED Tk % X 0 22l i I f8E &
) DEARMICBIT M OFE 2B CX 5 Rk 7toTWVD, £D%, VT Member-2 @5 | A3
EIRMRREICET D, LLEOFEBNE U DM BN LT, 2 DOFIED NyNy-ulu, BIFR, MyMe-Ni/N,
BItRIS K TOY MiMp-Ni/Ny BIFRIZEE LT H IS D3 Bk & TREEE L <BBR L. ZBoERICE L T,

MR IBEE TIIHEFITHEERRNEF A D,
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3. 4 F&H

ARETIE, N7 AREMOBMACIC X 0 EEAERT 23842 H - 0ORM B« 2HE2HME L

T, MR 2 EARDERLZ B Z o7, RETHOLNTFRZ L FITRT,

1 Wi oM b2 BE L2 AL, S ok i X OHEIARE Lz ok 3 EiTo¥ite v
RIS T 2 BMEAER 2 RE L, BN FEORAFTH LY Helmholiz HH =R /L¥—B LV
Clausius-Duhem RERXZEA L7z, #iRE LTHOLNDEANIT, 5 2 ETEHM L 2MMEERIC
X9 FIRICHMEBRIEZ BN LB L 72> T D,

2. WM boBREAZFMT 57201, h 7 AR T RNICHW SN D b T RR O E S ElES 7 Ik
PRI Wi (oo 2 Ve I 238 H U7, @SB O BRI 3 REBEROGR O B 2 H A LTz, 55
MR ANIBAEOBIFE TR L CE LB WE 2 UiE T 2 FETH 5, £z, &b Lotk
AFEE A IV CTHUEF I XV iR 2452 72 o0 DO BRIBHEBSRIINTE & | Newton 152555 < EfEEH A F
g% 7~ LT,

3. MoNTEAXZMWTREFIEOZRYMEZ, BEHULFIEIC X 2 MITiR & i 92 Z LIZ KD i
Ak U7ze SERFIEIM IO WS D30T H 235 A 1% LT HBEILTFIE & [R5 o s -6 5 17 28
MrBfRE L ORI o ONMEOFT—A > MBS 2 LN TE | FEEZROM B
FOVEPER RIS BN FEM AT AR 2R FIE L S 2 D, £7o. LEEOFEITME ., s 7%,
WHMHNOE A EET L TH —EORKEZ > CRBARETH 0 . HHE JOWsK LAt L
THHEYNBHRWRETH D, S HIT, MEmOEWERMFELZ Y L35 28T, BEONII 2 0lis
THFREL D, L, BELTIEE Br 0 | 1R FUE I O 4 R R EIR N FEBL S 4L
RO, ZOREOBEISROBREL T 5,

4. H—OEMIC L D BAEMNTEDZ BTN A . IO BN ERE T 261408 LT, Mmook

BRIV OBAEMNTIE L 0 HEN RS RM COREFIEOR AL MR LI,
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Chapter 3

Figures
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| adjacent 6 VAT RN . . adjacent]
chord D ' 0 | : L chord|

Notes: Centroid —-—Neutral axis ——— IK,KJ |

Fig.3-1 Plastic deformations and rotations

Fig.3-2 Yield judgement (Initial state)
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_______________________

V\,\B\,I\,WWV /\/@k ,

_____ractive \>Mk

T : : . N sem i e
Nj _ !

Fig.3-3 Yield judgement

______.active

Fig.3-4 Yield judgement (Singular state)
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(0,0,0) (0,0,0)
r A— \ N S ] 1 . N
3 :>N ) | N E> L\__> I:> J
\ | % ¢ r Q RN\J ‘ g
[](1,1,2) 1](0,1,1) 1)1,1,2) K [1](0,1,1)
. L=3000mm | . L=3000mm |

(a) Example target (Case (i)~(iii))

(b) Example target(Case (iv))

]
N, I ™ 0
=08N; =054 Z N,
(i) SN,
0=0.278

(d) longitudinal force

(c) longitudinal force and the plastic position of « (Case (iv))
and the plastic position of a (Case (i)~(iii))

Fig.3-5 Plastic deformations and rotations
(Boundary condition :(u,,us8y), 1: fixed / O: released)

3T7/\ \@) --------------------------------------- Integration point

50 X S beam elements

Fig.3-6 Load condition Fig.3-7 Integration points of discrete model
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o AL
r . . —— \ B
reios | o J% Y D
cycle 1 o — ﬂ -
HHIEY 4B
£ o /
@/\ EE / ﬁ_u/uy
- -3 //A!z -1 5; q 1 3 )
®
V3 ik
¢ o -
: ® €]
CH) |

(@) Nj/N,-u/uy relation

Yield surface

. . . ‘/MP
-1§2 -1.\Q -06 -04 1p
Present | Discrete
method | method
cycle 1 o
2 A -
3 o
My
12 -1.9 04 0.6 VO 1p
Present | Discrete
method | method
o —
A [p——
. o
e

(c) My/M,-N;j/Ny relation

Fig.3-8 Numerical results ( Case (i), S = 2, 1 = 40, Ni/N;=0.8)

52



05 3E KA OO BRI

RFEAEATIE

»
-
i
X

P e
A ”a? ;2 " -ulu, |
L oot S -
: 3 /;ﬁz 1 00 4 (] 2 3 :
® Py @
Ag @M - 5 4 Present | Discrete
Vi @7 method | method
4 @ cycle 1 o —
. " 2 4 ==
a2 3 o

o ’ el
-1 4@ 06 04 -03,0Fa
0.4

Present | Discrete
method | method -0.6

cycle 1 o
2 A [E——
3 o

NN

Y 1.0
Present | Discrete
method | method 0.8

cycle 1 o — 0.6

0.4

il

NI

(c) Mi/M,-N;/N, relation

Fig.3-9 Numerical results ( Case (ii), S = 2, 4 = 80, Ni/N;=0.8)
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\j Y
Present | Discrete -N; :@

method | method o
cycle 1 o 0.8 d &
LE S/
3 o 0.6
/o /
@/"\; 0.2 / @*_u/uy
- 3 /b -1 5; ( 1 } 3 )
7 04 7
I 06 4
j‘/ os b ——4~
- @1 (c]
el

(@) Nj/N,-u/uy relation

Monotonic loading

(Discrete method)

Present | Discrete
method | method

Monotonic loading @
(Present method)

method | method

iy 1.0 ~ D Present | Discrete

-2 -1

o
[N
o

(c) My/M,-N;j/Ny relation

Fig.3-10 Numerical results ( Case (iii), S = 2, 2 = 40, Ni/N;=-0.6 )
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Fig.3-11 Numerical results ( Case (iv), S = 4, 1 = 40, Ni/N;=0.4)

(c) Mi/M,-N;/N, relation
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(u,u.,6,), 1: fixed / O: released

Nodel| |Node151 (0,1,0)| [Node301
(0.1,1)/(0,0,0) 000 [(1.1.1)
e e gaw

2

|
b = ~

Member-1 /Member-2
. 4500mm | 4500mm

Longitudinal force proportion
1:2:3 : 4:5:6

eI ﬂ M
L] L
a=0.333 a=0.333

Member-1 Member-2

Fig.3-12  Analysis model

-NJ-/Ny ‘ ‘
o ¢ Present method
Discrete method
1.0 V | |
szlNy w
0.8 (Member-2) = N N, |
0.6
0.4
0.2 N;j2/Ny (Member-1)
. | |

0 1 2 3 4 ulu

Fig.3-13 Nj/Ny-u/u, relation
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1

X/

s

BT IR

1.2

1.0

0.8

0.6

0.4

yield surface

00 02 04 06 08 1.0 My/M,
Fig.3-14(a) Mi/M,- Ni/N, relation (Member-1)

0

M;/M, -10 -08 -06 -04 -02 O
Fig.3-14(b) Mi/Mp- Ni/N, relation (Member-2)
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1.2

1.0

0.8

0.6

0.4

0.2

00 02 04 06 08 10Mp/M,

Fig.3-14(c) Mj/M,- Ni/N, relation (Member-1)

1.2

1.0

I
\

'
@

"

Membe

0.8

0.6

0.4

0.2

00 02 04 06 08 10 MM,

Fig.3-14(d) My/Mp- Ni/N, relation (Member-2)
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0.01

0.00

0.3

0.2

0.1

0.0

1 2 3 4 u/u

Fig.3-14(e) Rotation and u/uy relation

U u

~

|

/

o

1 2 3 4 u/u

Fig.3-14(f) Stretch relation between members
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4. 1 [ZL®HIC

ARETITH 2 EB LU 3 ETEI U TE M O BRI« o iEe., M7 ARERIC
HWHT 5,

R T ARBEHRICH LTI, Jofl - KB AR N R 5 268 2 BB TR TR A IRE L T D, Z
DFIEE, HERNEE AL C 5551360 28 KT Z 8B R OR L & RS IR 2 FiE s Lo
Z LT, bTAREMOBIRG OEHS A EE LT h T A REEHRE D LRSI FiE L Ao
TWh, 7o, Tofb - #5 N3, ZOTFEEMRAVERICEA U, SRR 3 K OB 1 ek
TOFEELREL TN D, KK 57, 55, 60 DWT iU 5EM OFEEIC & 0 4 U D8 05 bBLL % |
HFH S L ORI LHATIC 6 L CH 0 2 CIBIFRETH D Z L AR L TV 5,

LINLZRI D, H1ETHRZIEY . LLEOTFIETEM OMIRESRICH L TE U BEICRES L
FETHD, EVEAICHLTEEEZBE TS LT, N7 ARBMORFHIMEH T 256, FE
X ZeM L 72 s, —J7, BEEEA O R R AT PERREIR DL &2 3SR 9~ 2 & 9 ST SED

. BUROBER GO H TITE TR ER FTRER FE L 1TV R 7220, £ 2 TARETIE, BfEos%
EWEL LD, M OEASRMEPNMEEICRE R FIELRET D,

BEFEDWIZEN & DIR AR A D ITHT- 0, LTDO LB EREZBI R,

1 BHEDOFEIT N7 AR TR LT, #hh01 BHE)R X OHEEAih T E—A > M(Mim 2 BHE)D
FF3AMELZZE LIEFETHoTo, LMLRRDL, 2T N7 AREREOE RSN L T
BERTE 2V, S BT, M O EAINEE 2 M OERAFR R G e CEBT 2 MLERH D20, b
T AREZOEARRRAERAMNAERO 72 B M OJRETEER S LT REICE S T 5 FEICE
THR L7 < TIR B RV, N7 AROEMA 2124 U 2 msMalisid, Jiisds T 2 8 m s Es
BLORY REMASEDHZETREAMEL LIRS 2 P, AETIZZOZEXFHICKSE, R
D REEE LRGN SL N T ARER LM O FiEE BEAT B 720 OB BRAIE R,

2. WIZ, BAFORE 2EANCESE BHEZIR L M7 ARERICEHT HEALLENT 5, 2
Z T, N7 RZOBYEAL L I X DB, M OZENG EBEMIT NS CIET D, £

. MO PNBYELT D Z I Ko THIENERT 258 2ZET 5720 kT AGREFRD

BRI 2 MR 25T 5,

Ll EDZY itz . RO F 28 L CHEBIL FE L T 5 Z LIk v ot %,
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4. 2 BHMEFPSRAREZORERA

£, WESNEEZBET 2T 2 AR EZ R LIS 2 =, 5§ 3 BOERLEZ —HEEL
(Appendix 5 2 M), ~ 7 ARERITEN AIRERIERE T 5, 7L, PR ER izl T 225K
CBNT, A FIRT MO L FOR (¢ e+) Bad, AFETET — L k5 2R+
52 LERBDN, OBITRTHEHIL D | BIAREE o b7 ARBRTKH L THEA AR TH
%o b7 AROELEMICET D PRBG 0 N, O%on, 1%, Figd-10IRT £ 5 IC8M O E Tk -
TUTO XS ITH#ER D,
n, =S-1(E%H), n_ =S (FLH) (4.1a,b)

SEMSSE T DM 8 )0 f, 38 K UMURANL u, DRy 2 LL ISR,

f.=N, N, M, M_Ju=Q T 6 6./f (4.2a,b)
o, WEOE—AY FaRT M, 2ERT D, KIS, MEREM U, L 2OZ(ERU 1%, RAD LS
BEPER Y U, U2 WIPERRSY UP, UP 35 X VBT ARS UL, U 12 & o BN RS 2 & HIES & 0 &3
5,

U, =Ui+uf+ul, 0, =UF+0P+02 (4.3a,b)
Z oz, AP BiRTe. PBEOD AL OIS, MBS L OERKS Th D 2 L ERT, E
oo LA b AEHOTE(HR E L () & 00 5. BRSO3 X OMSERNC K5 AR &

LUTFIRd,

fgzkE@g—UE—U?) (4.42)
My =Ky (602 - 07 ) (4.4b)
=, =17C, +ky (R, -62)=0 (4.4¢)
r=f"02+M 62 20 (4.4d)

.
C, :{_2C4R4 -D.C,R. Cy Cjc} Ciy =+, C =_(1_0‘:)+"M*

_agﬁ—aJL’DC:{h§_1_2§]_@—a§hn;—ﬂs-ng+m;—ﬂ+a§®§—m;+ﬂ5—mg+ﬂ'

Sa4 S(l—ag)
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TH Y. Ky, Cyp BEUC,, 1L Appendix 5 1R THME~ kU 7 2 LR ThH 5. £ DIENOEIILH 3
BEOLEROLFITHEM O LT 2R T EREEHE LI b O Th s, R(A4)TEROMS, TR W5
B & OHNF I BT 2 BRI 2, R(4.40) 118 KATBIT 5 E— 22 O SVEMRE . R(440)13
VIMERGRTE A . 2R,

WiT, M OEARE b7 ARBEHICEAT 5720 OBMRA A R, Figa-l@icd R+ 5 b7 %
P Figa-1(b)ic F T AREMERT D L FRMICKHT 5, BREER LA EOBMRE R, F T ARE
SROMIK DB B A B\ 72 BERIEERICBN T, M r 3 X0 b 7 2 R B2 T 5 J7 ) (HEdi b
Jiln)s B D Wik &, B2 W LU 3 TECER SR OBER 1, s 55T 5 L ET D,

ZIT. NI RARDLEDEREEE b T ARERCTRMERT 255, b TR RS
NI T & 72 5 AR 72 E AL % | Benoulli O F:HlG & 03 B% & THRRT 5, Fig.d-2
IR b T AR o (F) 1B BALIER Y L e 38 KO b T A G 7 ) %R T AL A A
EQ=[1 ‘m 'n)ABEMTHLLOLT DL, ZOMISKHIET D LT O b gl Lo S ol

N7 R, BT O X 5 IR SRS,

s (1) £2n() (4.6)

I HEFF I ARoRWaRd, £, L FEMOEEROAENY Fvid BNt W Jrm &

FYEAEEQ (=L 'm m])EAnTrokIcEsnS,
)= olr) 5 () s 1) S, 1) @)

22T, bd IZEEMETEETH D, 22T ETFEME R CEENREEORMEE 2, Zhd
WHEA I TAPEORZETH LMK L T2 L. Q. (EQ(r) &7/, Zid, FFARLLTORYE
B2 ie & M OWEN b7 AREROWE HMEFLWI EERL, T ARERENTHEE
K OVERRFFOMREICIE-S < Bernoulli DRBEGR EE LW L 2R T, LLARnG, b7 AR
WA Z O X ) IRz <. B FOWiHE 34 4 CTllEEd 5 (Figd-3), ZOREEZZEEBTH L, EM

EREEDI B 'n & 'n, N &KL, TOMD 2 DORMOERBEAILEN N7 AZOZNL &3 R e
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B MR, $bb, 'n ZBEEE &3 S AR RS g, 25 BRI TRET S, ZoE &, 'Q,

IFRO L HITERIND,
‘Q.(r)="QR, (4,) (4.8)
T 20T, R IFRFTEESRRL S ) B R 2 AR RN 7 S VSR DR~ R Y 2 A Th D, K& D
MIZZA 5 B D Bernoulli ORBGERIZHE S & D & X, FRHEES ‘g, 1ZRRUTRT X 512, %k
10> ' m TV vy, DA &S L < 7 B,
o dvg,
@ = i (4.9)
A W G D 2L N (4.6) L D
tu0i=tuo_?41n; "Uy="%,—"%,, An="n-n (4.10)
LUCESND D Emnb, vy, HKRE 25D,
(4.11)

Vo, ="m-"uy, ="m-'uy, J_r?om -An

ZZTVEMITHINTH D EIRET H &, An= (ta°|+‘ﬁ°m+t;/°n)x°n =M+ BA VRO LD Z LD

K(4.10)1FX@12) 0 X H 1272y, ZnEXEGHITRATEZ & TR@)RELND,

Vo, =V, 1%% (4.12)
1,
y =9y £y Q% Hda  _Hda (4.13)
Todr 2 dr 2 dr 2 dr
HIZ N7 A0

AOy X F 7 AZE LT tlEDL Y (HimsM)EERE | 52 1

Z, N@A ) AUHE L B
(de/dr) i Bernoulli & %ER 7> 681 &

ST A2HBELZRL, 209 b H/I2 13K A,
ERIZBIT D b T AR

N RERT, ZZETORMNDS, s
D, EHMORRLEAIND,

L O(da/dr) ZilASE5 2 LiCk
B HHAT R F 5 LU

O RIZB N Ty

R/ AN AT

UL EEBEE 2 (Figd-4 |\ d b7 ARERIC

WCBWTU FDOXIICEREIND,

BRI R
(4.14a)
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sz (P r g A EmRom D D L aRT, £ R,& HEDB UM A E, M, M,
BLUO,, 0,13V E—AY FBEORL Y EEEENZ, My, My 3L 000,, 0 I2HH A7 E—
AV R B LOHRNEREEN % My, My 3 L0, 0, IFHERIAMINFE — 2 > b5 K O S EIHE2E
Z. BB BLUO,, 0, I FIITHY E—A Y PBLOWRY Fi, ThZhRAT, Ak, KA1
%y BLO(da/dr)iF. b7 ARBEHOE NI ICBT D 0, 0, BLRG,, 0] (kT 5, 7272 LA
WZEWTIE, FIAROBRENITAEL 2N D LT D,

b5 ARBSR L OMISHBR AT O L 5 10RT, E9, BHICAE L SMAOFHIEN, 1E, X

Bk 55 IZHB T DB D =112 DALEIZKTT DM EFETH Y, LLTFDO L IR T I EnHkD,

PR U S

—INT M, 4.15
¢ 2H 2H (4.13)

N |-

R R N, RS AREROREN T E— A > kM BEOM IS Lo TRAD & 3 107

T LAHBES, DA, EHOEAN QM + M)/ LIS S,

- 1 < 3 |_ <
N, =F—| M, +M, |=F— 4.16
¢ SH( N SJ) Q (4.16)

SR oM E— A 2 S My o M3 BT 2RO ESMNTE— A Y FBIOHITALY T2

vV MZEoTmwREND,

M, = B, M, =>M;+=B, (4.17)

M, 1
H

N |-

L
H

N =

ek, R@I5)~@IANOEFIL(( =+~ ) PIETH D, LhEL Y b T AGIEFE L%k ORI BIRIT LA

TDEEYTHD,

T=1f"h, (4.18)

f,

ZZiT. h BAREHICH LT OE~ Y 2 A Th B, ThICkY. BHOMEAEN L5

TREAZOM IR ) & EREREEMNT 5 2 L TE D, ﬁg DEEN R 2 £ L 0D ERAD L TR D,
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. (00 F 0 0 0 F 0 0
h, = 11 (4.19)
00 0 =~ +=0 0 0 0
2 TH
o0 0 o 0o o o L.t
i 2 " HJ

LLEIZE Y b7 ARRESR LM OBMRAIG S 720 T, REICIHWT b T ZARBEROIEAX L R
T, TOEFE LT, BLITITRTLOIC T ARBEROEN 2 EET D,
UREOZDOZEALRU 1L, B O L & L RBICHMERS . WISy & BRI & > THRED K 5

CREIND ERET D,

CrUP 40, G=0+UP+0° (4.20a,b)

=4}

U=
Fo. b T AREROMEGEN OVER Sy GP % E - FIEM OBPEENRRSY ul DA THhDH L LT,

ETJEEASY U & b TRMOBRANM R, DEKTH D L LT, TRENRKD L5 ITERT S,
i =07(up),a" = Yu(R,) (4.21a,b)
S bz, R@.2lab)pZEE% 2, KD X HIZEL,

Spo_ aﬁp.p_ hPuP "‘b( ) ou® _ b
u _;; ou? U4=§;;U;, u”\R, =g;aR;=;ﬁth; (4.22a,b)
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4. 3 FIRARERICEHT HBIERNTE

4. 3. 1 FIRBEZROEARK

WIZ, SCHR 57 D b T AR H1T 5 3l Tk & ARRIC, AP S ERL LY b7 AREROH
AKX EFT, 1IZUDIZ, T RZITHT 5 Helmholtz B = %L —i%, kAD X 512 k- TR
TEHLLODOMRMTHDLEEX DI ENTED,

v =3 (u,u,R, 62) (4.23)
(-

R(@4.23)%, b T AREROMERENE L OKEM ORI L AEFRICET 2 EEOT AR L —0
fcksbol AT &, AL D,

ﬁ:% KT+ Y Sk (R -2 f (4.24)
C=h

T 2T, KO NEIERCE LTI b T AR ORI N AW 2 S L, A ElisR K R
(B LTI OED 2 % B8 L2 RRERIC L VSRS b T AREROBMERIE~ N Y 2 %
(Appendix 6 ZZH)TH Y | K, (THXHE M RATKHT 2AMETH 5, WIT, + T ARBERIHT S
Clausius-Duhem AR%ERUX, + 7 ARHFHNCHANBFELRNWE T2 ERAUTRT LB &5,

r+ 7020 (4.25)
K20 D LR ER@B)RAT B & UFD L TR,

R D E o i A B Sy 4252

(-
[ Fr-ler) i R[Free vk bR -0z R S [Frheag + Ky, (R, - 62 )62 ]2 0 (4.260)
i=- -
TR F— ORI AT DA LB LT3 & | (EEOLER T, UP 60 35 5O R, 12k L TRz

RE SIS/ EWALC IS (WA

ket =ke(@-a"-a°) (4.272)
S EThER, + YKy R —0ZR. =0 (p=+-) (4.27b)
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F=1T0"+ Sk (-R. -02 )82 >0 (4.27¢)

K(4.27a)13% b 7 A GZEFR O BEARR 2 PERE I, 20(4.27b) IR JE I K 2 TR DM D# v &

»—»—&y
— — N

r

WEEIFR, K(4.27¢) 1% N T AR IR ORI Z T, (4.4c) & (4.27b), K(4.4d) & K(4.27¢) & bk

T2 L2k 0(4.28ab) 8B, P, U° DR R(4.29ab)D kS IciE bR D,

h? =h,C., h! =h, (4.28a,b)
- Y hC.R., ~0"=>hu? ((=+-) (4.29a,b)
C=t,— &=+,—

& 612, K(4.29a,b) 2 (4270, )NTRAT D & | HIREEOF Y S VBIFR M I & RAZ K - TRAD

LR TZ LK D,

Z,=f"h,C, +M, =0 (4.302)
r=>yr,= z[f h.u" +Mk¢9k"§] >0 (4.30D)
C=tm (e
zZic
M. =Ky (R, —602) (4.30c)

68



7
M

F 4T ARSI DImANEIE R FEE 2B RE LT b T AGRE RO

4. 3. 2 BEHREHNA

RIE T, M OWEEZ ~ 7 ARERITB T 2 BKEFHF TR L T < 72 o ERR 2 ¥tk i
NAEEHT 5,

S OYBYERVANE LA FORRICEH S D, Wi ORE LS 3 E LR TH D, M-N HBERICE T
D& Wik ORRBI%UT, T oWrmom ), hEE ), A ROmMIFE—A > OB LTKAD

IICEKSND,

o7, =N, N, M, ), (7=i,jk ¢=upper, lower ) (4.31)

SEM DA O IR F W T4 RRRBISR A @), = 0 (THIEE L7IE, T ORRREI%LS active & 72
Do HRIMEBGR O I J 0 PRI & R £ 721z, BPERGRIE 4 7~ 37 5X(4.300) 23, active K&
&I & T i O BERBIER @, =0 & HIWV TR Lagrange BB A ET %,

L(F M )=-T+ Y ire, =—(FGP + ZMM@J}J+ Sife, (4.32)
= == {=hm
Z 2,
o =-lo; op o, o, o, o.f dr=fp v oy o v Anf (433ab)
¢ — Wig i kg k¢ i¢ i) #e T g i¢ k¢ k¢ i j ’ !

T D, EBCRIEN K & 72 B AT, R(4.32) B IS MR RS T B T ngfﬁf"f( L7zt om

FETHLZ b, KADBHFELND,

affm,) P TL aL(f M) B> ip _0  (434ap)
6f C=+— oM k¢ g=+— C=+— k¢
. 6¢ . . . 0D
LUl = yil - L L ey = upper , lower 4.34c,d
u ;_Z:( 5f J k¢ ¢ oM B (é/ pp ) ( c,d)

ZZC, @34c)DMARENT B L CHBAXZEHT 5 &, UTOL KRBT HZ LN TES,

ob,

of  of, of

od, of, o, -
— ¢
¢

o (4.35a-c)
of

SEPEZENREE DR BUZ DWW T, EAENIXEOEENFEH BRI L > THET 22 &R TE 5, #
ZAE. WM O EZENL & b T A RRET N OZEAT 6 5 P ZE AT R 431 Fig.d-5 DAEICR S NS, £
7o, WM OBERRIZET 2BIE & b T AR AINVENL, RV RISk T D YA RSy 1 Fig.4-6 O

RIZESND, UbDX>7eBZ8e T b L, K(4.290) & FREOBMRNEH SN D,
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2 2UZ, K(4.350)D G XM D BEAR BRI X 2 A OB Ui IR I £ D B0 H BAS B D IRFRE

-

THY, X@4.350)FR@E18) N HELNLMERTH D, ZORREMND &, X@.34c)TKRAD L 12

EHTE B,
i = Y(rernl ) = Yh.cif (4.36)
e {=4
CNEBIERGRIEICIRAT 5 &, BT L 5 2BRAB LN,
Fordre Yo = Y | T, 22 i (4.37)
e T ¢ ‘oM. ¢
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4. 3. 3 GHEBMERERIME
kT ARBEROMELMBERIT, BRGFFEICBT BB LR OEREZEE TS Z LICXD
HME LD, T TAREITIE, b7 ARBEROEMI JOBENEE %58 2 5 8 U /-2t 4
U 7= (active & 72~ 72)5488 £

Y FPLBIERBIEOADE L D HEICONWTELET L, BEOERNE

I LT B, =00 DT L,
! oc
J —Z—kw}é4

~ T ~ T ~
= _ 654 i = of n T
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¢Ye et ¢Ye vy mM¢ CaR: v v
-ke(h.c. fi- Ye2r, =0 (4.38)
y=t-
(4.39)

»—»—&y
[N (U

~ oC,

e;;:<ﬁ¢cg>we<awcw>+[kw—fw —}

R4 O)E@ﬁf%éo 5@/ 6‘i7 U* yjb»—-@ﬁ:“ﬂ/&

Ths, RFOC, [ TR@5) TRENTND LI I
LETHD, LLELD, R,,, W9 2N AP KRAD L S ITHE N5,

;G Bl e v for ¢ e active (4.40)
ZIT, GRoiiv b /2GR ) EAVT, R IFKKE 2D,
R, = g;(e »)ke(h.c, i (4.41)
PLEAAWT, b7 2ARBEROMEBRIIM< F U 27 2 K® 2RO LS IRSns,
f=kii- Ykehc g =|ke —{;W;(G;ﬁ ke, lo ke (h,c, i (4.422)
(4.42b)

=t

K®d
WA, ISRV DWW TE RS 5, HEBMEGRAIMET, BEIE AL O 1 2N 2 CTEMEZE AT BR

O ZE ERET D UEN D Do £ § OREIHIEDBRIC active &I SN2 BIRFMEORE &,
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ou aggp 6R§
oo, Y i | . [(o0.) o (oo ) om, |
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of ) ou of ) ap oMy ) aa
.
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ok T 3o ke, )25 ), |
h.G u-— z h.G " kfj P
: W+[ . (61')} W[azg | v
.
h e aakg
N Z [(hﬁGé% (hwcw) [aip } M45;W:| R, =0 (4.43c)
y=+- %
p T p T
keln o~ g ~. (= 00 ~ (08 .
-~k (th:) u= > {(th()( (hwGw)Jr[azk'fJ K {agkpg Jgéw] 4
y=+- c ;
(4.44)

¢

y=+-

[(rw ok e, o 2 i,

Zzic, Ao (96 fo ")i KA D BIE NS (00, [N, ) & RIS E 22t = LS TE B, %
HEJE 23 E U7z (active & 72 o 72)5%df 1okt LT, #(4.38) & [FIERIC § =0

VAL DER & [FIRFIZ R
B L TUTORRENIEOND,

DRSO Lot ZEALE Sy
05.\ . (05.) . (az.Y
Eo=| | U] =5 | 22+ =5 R, (4.452)
ou oA’ oR,
EN | ([ Y A A o
_|] 9=¢ < o k¢ o g % 2
|:[ af ] E U+£[w} hgcg M 25} l;p (EJ h;C;*l—f h;z—kM§:|Rg
(4.45b)
P T
o k
i, - 3o, T e ok o, | &
y=r- ¢
ac
= jaw ]Rw =0 (4.450)

v {(ﬁ{cg) ke(n,c, )+ [kM; - fTﬁgﬁ
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Tho, R@AANL Y | FEER ZOBEHEMOEREZRTERIILLTO LI ITREND,
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4. 3. 4 HEFEFIE

AHITIEL ATET T U7 E AR K 2 BAEMAT LR R F1E) & VT MmN~ b # i /) & S
T HFIEZRT,
[BERRAT BEFE]
I =S50 B FHRAENE & 2 ORERSY, MRSy, W U=t AT 0 B MR A B C
BT 5,
wel Gt e ge_tge, velgooigh, MR R, mEge _tpp (4.51a-¢)
E7o, WSFHEICEIT BB FATIC, ICB LT RO L S KA SRS,
wlc, —c,("R,) (4.52)
AT v 7 DHRERSARETEHS L LT =t AT 5 ROWITHI N &R (4.27a)12 L 7
WD, k. BIREEEEHT 220 0NEE— 2 kM, 23 (4.30c) L 0 FiHT 2,
vl F e (g e vl ) (4.53a)
N, = Ky (R, -2 ) (4.53b)

M) % T L - T oMtk o DALEIC BT 2 RS @A3)B L E— 2 MY BV

K(4.300) 55T %,
trial 0: _trial o} (trial Y k;) (7=i.k, §) (4.54a)
trial 5:4 :triaI.FT ﬁ; trialcg +triall\7| = 0 (4.54b)
[ 2]

X (454ab) 12 TEGE &N 2T o oL | I o kA FF O (el <0,

"l £, | < Tolerance ) CbiLiE, MUBARIEARFF L T2 LHIBTIT 5. —J7, HFEABL COEHE,
Skt ¢ 13RI RARRE T d % (active Z4RBE TH 2) & HINT S, BUF OFIEIC & 2 MRS K OV B 2SN
DEEZIL /9,
[ JE 2 TE B ]

p [ H OULELEHFEIZ BT, 54484 £ 23 active fmﬁﬁg‘%@:%é(ma'dz} >0, t(;')t::,; > Tolerance ) & HIWr &

NI=DT, 2 2 F TORERMRTEZ VT, p+l Bl H OSGEHRIZ BT 2 IR X UM~ 2

FLOIETEZ Newton i EIZ LV B2 729,
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AR - v or ¢ e active (4.56)
{ ®0A= ] S|Gs Gy ||04R,
-1 N
. {54‘;%5 } — z |:Gipue G{vg:l {t(r?)tﬁd??} (4.57)
o t+At — )
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K2 S, 2 MO M NF — > Th D, Fio, S=2 OHPMEEE 2 48E Ll LTk, BEfED b
T ARBER LERICHMIROEG R Z Y L LTelzk 25, T72b b, & 10 [HOFNZx L THREE

BRI, Teds, SIBMEEERICBE T D ARHTEIEL. Fig.4-8 (TR R D IR Lali & T D,
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LT R R DM EIE LT 5,
BERU L TIRIC BT DM, M &2 EHR DB LI A 1, 1L 3L b IO R EE O 467 2
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DMFE—AY b FEMOBTE—AY MNCBT 5, RLLUCHEA ShAREROHTHS,
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S: the number
of intervals

Upper

--------
«*

One interval

(a) Truss Beam

Upper
chord member
chord member €————

chord member €——

Lower
M i—&:ﬂ |I| chord member

(b) Upper/ Lower Chord Member (See Fig.2-1)

Fig.4-1 Target truss beam member

Fig.4-2 Rotations and orthonormal bases of a truss beam and chord members
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Fig.4-4 Definition of the nine degrees of freedom in a truss beam element
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Fig.4-5 Geometrical Configuration for in-plane plastic deformations

Note: : Initial state, —deformed state
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Fig.4-6 Geometrical configuration for out-of-plane plastic deformations (node I)
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100 beam elements per each chord
A Node J,
[011 111](011 110)

1

[

Node I, VA I\|i+

[010 110](010 110) -
}Node J =

Node I: #7;=0 <& \ 04=60" o < S

[111 101](111 100) o E

2z

W\
Node 1.[010 110](010 1?0) Ni. one truss elefment N;. Node J.
per each diagonal member (011 111)

t
745 L=3000mm
r (a) Discrete model (S=2)

200 beam elements per each chord
L Node J

Node I, N N
t -
> A5
0 TP
k r Noz Ni- Qd 60 Nj— é Node ]
] L=3000mm
(b) Discrete model (S=4)
[111 101 1] [011 101 1]
(111 100 0) (011 1000)

B (g 8

L=3000mm

(c) Present model

Boundary condition: Discrete model [ur ug, u, 6 6, 491]
(1: Fixed, 0: Released) Presentmodel[u, u, u, 6, 6, 6, 6]
brackets --- []:Cases (i)~(viii), ():Cases (ix), (X)

Fig.4-7 Analysis model
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Table 4-1 Analysis cases

. slenderness ratio .
Number of intervals of ! Loading
Cases . of chord members . a
diagonal members (S) . Condition <
(size)
i ) 150 5 =1.98H0, a, =0.49
(D=32mm,d=24mm) (Monotonic) a_ =0.49
i ) 150 5 =0.095H0, a, =0.49
(D=32mm,d=24mm) (Monotonic) a_=0.25
i) ) 40 5 =1.98H0, a, =045
(D=108.7mm,d=103.4mm) (Cyclic) a_=0.25
. 40 5 =05H6, o, =038
(iv) 2 N *
(D=108.7mm,d=103.4mm) (Cyclic) a =0.25
" A 150 5 =1.98H6, o, =0.49
(D=32mm,d=24mm) (Monotonic) a_ =0.49
. 150 5 =0.095H6, a, =0.46
(vi) 4 19, .
=32mm,d=24mm onotonic a_ =0.
(D=32mm,d=24mm) (M ) 0.12
(i A 40 5 =1.98H0, a, =025
=108.7mm,d=103.4mm clic a_=0.
(D=108.7mm,d=103.4mm) (Cyclic) 0.12
i) . 40 5 =0.5H0, a, =025
=108.7mm,d=103.4mm clic a_=01
(D=108.7mm,d=103.4mm) (Cyclic) 0.12
. 40 5 =1.98H0, a, =0.45
(ix) 2 Y *
(D=108.7mm,d=103.4mm) (Cyclic) a_ =0.25
- ) 40 5 =0.5H0, a, =0.38
=108.7mm,d=103.4mm yclic a_ =0.
(D=108.7mm,d=103.4mm) (Cyclic) 0.25
518, 5 =1.98H6, 5 =0.5H0, |5 =0.095H0,
Upper 5. H5 5 5 5
S “ 3+ 1246 | 1.005 13_45
L R
step =
0 0.00 -0.846

0, - 1(Case(iii)), 2(others)

Fig.4-8(a) Loading displacement
(Case(iii),(iv),(vii),(viii),(ix) and (x))
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Fig.4-8(b) Loading condition
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S ——
90000000000

N[KN]
Fig.4-9 Axial force-stretch ( N -5) relation (Case (i))
5
0
0 0.5

-10

M 4[kN - m]
Fig.4-10 In-plane bending moment- stretch (I\ﬁsj -5) relation (Case (i))

(Symbol: Present model, Line: Discrete model)
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100
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1.5 2.0 25 o[mm]
O
%0,
Yaq
M Qkiooo
|
A A
—— Ni+_Discrete o Ni+_Present
Nj+_Discrete a  Nj+_Present
----- Ni-_Discrete x  Ni-_Present
= . Nj-_Discrete o Nj-_Present
| | |

Fig.4-11 Axial force-stretch relation (chord members) (Case (i))
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(Symbol: Present model, Line: Discrete model)

Fig.4-12 Lateral deformation of chord member- stretch relation (Case (i))
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M, M [kN-m]

ti?

1.5

1.0 N Y
0.5 P dal

&
A
0.0 $000000000000b0000000000 o8 _
0p 0.5 1.0 N 1.5 2.0 2.5 o[mm]
0 oooon}%h
-1.0 M "
ti A
-1.5
-2.0
Fig.4-13 Out-of-plane bending moment- stretch relation (Case (i))
Bi! BJ[kN ~m2]
&
0'8 TRV
O s
0.6 ﬁw 5
/ -
O 4 6<><><><><i><:, -~ A
. ooOV’ -
<><><><>:3 -
e d
0.2 00;0,
2’4
0.0  §000000000000b000000000X od

op 05 1.0 15 20 25  S[mm]

-0.2 M

e
'0.4 U%

-0.6 0000\

-0.8 o0

-1.0

Fig.4-14 Bimoment-stretch relation (Case (i))

(Symbol: Present model, Line: Discrete model)
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N[KN]

200

150

100

; —

\

0p O.ZA 0.4 0.6 o[mm]

-50
-100
Fig.4-15 Axial force-stretch ( N —5) relation (Case (ii))
0 —

0p 0.2 0.4 0.6 S[mm]
-20
-40 %%
-60 KN

o N

-100

-120 RN

-140

M [kN-m]

Fig.4-16 In-plane bending moment- stretch (I\ﬁsj -5) relation (Case (ii))

(Symbol: Present model, Line: Discrete model)
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e

Ni]é’ [kN]

200

—— Ni+_Discrete
Nj+_Discrete
----- Ni-_Discrete
= .« Nj-_Discrete

o X D ¢

Ni+_Present
Nj+_Present
Ni-_Present
Nj-_Present
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100
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-100

Fig.4-17 Axial force-stretch relation (chord members) (Case (ii))
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100

80

60

40

20
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J

Fig.4-18 Lateral deformation of chord member- stretch relation (Case (ii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-19 Out-of-plane bending moment- stretch relation (Case (ii))
B;,B;[kN-m?]
1.0
éJ'
0.5 Y Koo o0
0.0 I 3"0/ -
0p 0.2% 0.4 0.6 S[mm]

-0.5 ~

'1.0 ‘~\ \

B;
-15

Fig.4-20 Bimoment-stretch relation (Case (ii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-22 In-plane bending moment- stretch ( Msj /I\Zsp - E/Ey) relation (Case (iii))

( 3 4 516,
®
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Fig.4-21 Axial force-stretch (N / ﬁy -g/gy) relation (Case (iii))

sp

(Symbol: Present model, Line: Discrete model)
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+N . ©)
04 } %
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-1.0-0.8-0.6-0.4 8% 0.2 0/4 0.6 0.871.0My /M
@ A
. @ &b
~N,, /N, =1 —N_/N, =1
(Compression) a. . 00
1.0

sp

Fig.4-23 Axial force - in-plane bending moment (N /N, - M /M, ) relation (Case (iii))

(Symbol: Present model, Line: Discrete model)
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n+ ! Ny

\ \
——Ni+_Discrete o Ni+_Present

Nj+_Discrete a Nj+_Present

-1.5
Fig.4-24 Axial force-stretch relation (upper chord members) (Case (iii))
N”_ I'N y ‘ ‘
----- Ni-_Discrete x  Ni-_Present
1.0 = « Nj-_Discrete o Nj-_Present |

Fig.4-25 Axial force-stretch relation (lower chord members) (Case (iii))
(Symbol: Present model, Line: Discrete model)
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3 515, |D 2
. 0.0 = —_
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(@ My/M,-5/5, relation (b) M,/M,-51/5, relation

Fig.4-26 Out-of-plane bending moment- stretch relation (Case (iii))

(SR
~
o h]
os]
~
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k=]
k=]

-1.0 -1.0

(@ B;/B,-6/5, relation (b) B,/B,-51/5, relation
Fig.4-27 Bimoment-stretch relation (Case (iii))

(Symbol: Present model, Line: Discrete model)
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Ni+ / N y+
yield surface

(a) Mi+/Mp'Ni+/Ny (b) Mj+/Mp-Nj+/Ny
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Fig.4-28 Bending moment- axial force relation (end of each chord member) (Case (iii))

(Symbol: Present model, Line: Discrete model)

101



FATE RS SRMCRT DImANEIE R FEE 2B E LT b T ARERORE

21
~~
|

0.5

WW

Y

' 00

oooOOO
00000
ooo,,—-g——,——“
]

0.0 N} - —
(R @\ %l =77 3 4 513,
\ @
05 O A
-1.0
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Fig.4-30 In-plane bending moment- stretch ( Msj /I\-ﬁSp - Slgy) relation (Case (iv))

(Symbol: Present model, Line: Discrete model)
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Fig.4-31 Axial force - in-plane bending moment (N /N, - M /M, ) relation (Case (iv))

(Symbol: Present model, Line: Discrete model)
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Fig.4-33 Axial force (chord members)-stretch relation (Case (iv))

(Symbol: Present model, Line: Discrete model)
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Fig.4-34 Out-of-plane bending moment- stretch relation (Case (iv))
B, /B, B, /B,
05 0.5 @

0.0

o
w
N
S9N
~

y

A

Q00
22000000000000000000 00 -05

-1.0 -1.0

(@ B;/B,-46/5, relation

00 00000002002
M/

—=
—290500000009080A0A30000000001

[\G]
w
S

(b) B,/B,-51/05, relation

Fig.4-35 Bimoment-stretch relation (Case (iv))

(Symbol: Present model, Line: Discrete model)
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(C) Mi_/Mp-Ni_/Ny (d) Mj./Mp-Nj_/Ny

Fig.4-36 Bending moment- axial force relation (end of each chord member) (Case (iv))

(Symbol: Present model, Line: Discrete model)
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Fig.4-37 Axial force-stretch ( N -5 ) relation (Case (Vv))
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Fig.4-38 In-plane bending moment- stretch ( Msj - 5) relation (Case (v))

(Symbol: Present model, Line: Discrete model)
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Fig.4-40 Lateral deformation of chord member- stretch relation (Case (v))

(Symbol: Present model, Line: Discrete model)
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Fig.4-41 Out-of-plane bending moment- stretch relation (Case (v))

Fig.4-42 Bimoment-stretch relation (Case (v))

(Symbol: Present model, Line: Discrete model)
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Fig.4-44 In-plane bending moment- stretch (I\ZSj -0 ) relation (Case (vi))

(Symbol: Present model, Line: Discrete model)
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Fig.4-46 Lateral deformation of chord member- stretch relation (Case (vi))

(Symbol: Present model, Line: Discrete model)
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Fig.4-47 Out-of-plane bending moment- stretch relation (Case (vi))
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Fig.4-48 Bimoment-stretch relation (Case (vi))

(Symbol: Present model, Line: Discrete model)
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Fig.4-49 Axial force-stretch ( N / |\~ly - 5/5y ) relation (Case (vii))
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Fig.4-50 In-plane bending moment- stretch ( Msj / l\ﬁsp -5/5y) relation (Case (vii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-51 Axial force - in-plane bending moment ( N / Ny - I\ﬁsj / l\ﬁsp) relation (Case (vii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-52 Axial force (chord members)-stretch relation (Case (vii))
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Fig.4-53 Lateral deformation of chord member- stretch relation (Case (vii))

(Symbol: Present model, Line: Discrete model)

115



FATE RS SRMCRT DImANEIE R FEE 2B E LT b T ARERORE

-1.0 -1.0
-515, relation () M, /M, -515, relation

Fig.4-54 Out-of-plane bending moment- stretch relation (Case (vii))
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Fig.4-55 Bimoment- stretch relation (Case (vii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-56 Bending moment- axial force relation (end of each chord member) (Case (vii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-57 Axial force-stretch (N /N, - & /5, ) relation (Case (viii))
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Fig.4-58 In-plane bending moment- stretch ( Msj / Msp -5/5y) relation (Case (viii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-59 Axial force - in-plane bending moment (N /N, - M /M, ) relation (Case (viii))

(Symbol: Present model, Line: Discrete model)

119



-1.5

----- Ni-_Discrete
= « Nj-_Discrete
|

Ni-_Present

o Nj-_Present
|

(Symbol: Present model, Line: Discrete model)
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Fig.4-61 Lateral deformation of chord member- stretch relation (Case (viii))

FARE WIRBEERCRT DIV EEREI A BE LI b T ARERORE
N, /N
1.0
0.5
o&@
A ©) <><><> OOORROONRNN
0.0 > o Attt —
o~ 3= 519,
. s \@ @
B 5 ‘ ) /
@®
-1.0 A
——Ni+_Discrete o Ni+_Present
Nj+_Discrete a Nj+_Present
_15 | |
Fig.4-60 Axial force (chord members)-stretch relation (Case (Vviii))
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Fig.4-62 Out-of-plane bending moment- stretch relation (Case (viii))
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Fig.4-63 Bimoment-stretch relation (Case (viii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-64 Bending moment- axial force relation (end of each chord member) (Case (viii))

(Symbol: Present model, Line: Discrete model)
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Fig.4-65 Axial force-stretch( N / I\~ly - 5/5y ) relation (Case (ix))
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Fig.4-66 In-plane bending moment- stretch ( Msj /I\Zsp - E/Ey) relation (Case (ix))

(Symbol: Present model, Line: Discrete model)
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Fig.4-67 Axial force - In-plane bending moment (N / Ny - I\Zsj /Msp) relation (Case (ix))

(Symbol: Present model, Line: Discrete model)
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Fig.4-68 Axial force (chord members)-stretch relation (Case (ix))
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Fig.4-69 Lateral deformation of chord member- stretch relation (Case (ix))

(Symbol: Present model, Line: Discrete model)
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Fig.4-70 Axial force-stretch (N /N, - & /5, ) relation (Case (X))
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Fig.4-71 In-plane bending moment- stretch ( I\ﬁsj / Msp —glgy) relation (Case (X))

(Symbol: Present model, Line: Discrete model)
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Fig.4-72 Axial force - in-plane bending moment ( N / Ny - I\Zsj /Msp) relation (Case (x))

(Symbol: Present model, Line: Discrete model)
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Fig.4-73 Axial force (chord members)-stretch relation (Case (x))
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Fig.4-74 Lateral deformation of chord member- stretch relation (Case (x))

(Symbol: Present model, Line: Discrete model)
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N Table 5-2 Loading conditions
. Horizontal
Vertical load load
Column-1
‘ Case (i) Incremental OkN
A »v'-‘) . E!; X ; loading
/Z/Pin support y Pin support \g\ Case (ii) Z(Ef;gﬁ:j\l Incremental
H.=1000 Case (iii) NN loading
1 9000 9000 1000 Constant)
- . - ZF,~60kN Incremental
Ji 20000mm i Case (iv) | (F,=10kN, .
¢ d loading
. Constant)
Fig.5-1 Target truss beam structure
Table 5-1 Mechanical properties
L H S B4 Chord member(Tube) Diagonal
[mm] | [mm] 1 member
D d a ler Slender- oy Ny M, ay
[mm] [mm] [mm?] [mm*] ness ratio | [N/mm?] [kN] [kN - m] [mm?]
Column-1~4 | 2000.0 | 1000.0 2 63.43 140.0 128.0 2.526x10° | 5.681x10° 42.17 235.0 5.936x10° | 2.533x10’ 2.526x10°
Beam-1~6 3162.3 | 948.68 3 60.95 108.7 103.4 8.829x10% | 1.242x10° 84.31 235.0 2.075x10° | 7.005x10° | 8.829x10?
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Fig.5-2 Discrete model of the target structure
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Fig.5-3 Present model of the target structure
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(a) 1st mode

(b) 3rd mode

Fig.5-4 Buckling modes (Case (i))
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Fig.5-5 Buckling modes (Case(ii))
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(a) 1st mode

(b) 2nd mode

Fig.5-6 Buckling modes (Case(iii))
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Fig.5-7 Case (i) load-displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-8 Case (i) Moment distribution (Black: Present model, Gray: Discrete model)
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Fig.5-9 Case (i) Out-of-plane bending moment(My)- displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-10 Case (i) Out-of-plane deformation (vi)- displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-11 Case (ii) load-displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-12 Case(ii) Moment distribution (Black: Present model, Gray: Discrete model)
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Fig.5-12 Case(ii) Moment distribution (Black: Present model, Gray: Discrete model)
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Fig.5-13 Case (ii) Out-of-plane bending moment(My)- displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-14 Case (ii) Out-of-plane bending moment(My)- displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-15 Case (ii) Bending moment- axial force relation
(Ends of the chord members in each truss beam, Symbol: Present model, Line: Discrete model)
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Fig.5-16 Case (ii) Out-of-plane deformation (vi)- displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-17 Case (ii) buckling deformation (Case(ii))
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Fig.5-18 Case (iii) Load-displacement relation
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Fig.5-19 Case (iv) Load-displacement relation
(Symbol: Present model, Line: Discrete model)
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Fig.5-20 Case (iv) Moment distribution (Black: Present model, Gray: Discrete model)
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Fig.5-22 Case (iv) Out-of-plane bending moment(My)- displacement relation
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Fig.5-23 Case (iv) Out-of-plane deformation (v,)- displacement relation
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Appendix 4 HEFHEDORORFERICET HEE LONE

m=1 OB PRI O34 U A, KJIOWEF2E Uil & 225 7-%, RIRHCBER L. BIR
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FA=ZWROBRE U TO L I ITRE L, BRER L THET 5,
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Appendix 5 LM OEBHEBITEICE THERKXDEIE

TR, B2 3B TENME LEMICRT 2 FIEEH 4 BICEH T 57200, EAKXDE
ExBIRI,

B 2%, 3 ORHMICRT AN (M) & LCER LEARIEIN,, N, My, M, My, @5
BHCh o7, T2, A FERFO (FEMOERTHY . EFORMIIE(=+-)Ic k> TRT, 20
55 M ZEBTIEFEO A KIZBT 2N A% Th o0, ERCIEIMHNLIIRRS O TH S,

22 CEF, MFICHT AL My, M, & M I 5, 8 3 TE50(3.020) % FHET 5.

M=M, M, M,J =k,6° (A5.1)
‘9ig Hiz . a, kii; kikg ij¢
iz, 0% =0, —0;—02,042 0:,0°=16%,0;=a.R, = 1 R. Ky = K Kige
Oy '9]’)4 a (1_ e ) sym i
(A5.2a-¢)

ThBH, TITIRIOD USRS L LTER LIRS R 2 22 —fEL, Tk LTR
T 5, £, UTOMIEZ2E#]mT 5,
My =k (6, 02 - R )+ ko (-0 —R )+, o, — 07 +(-a, R}
k[, - (00 + k02 )- (o, + 0 R+ k[0 — (08 + 5002 )- (-, )+ xR, (AS30)
M, =k, (0, 07 —a.R. )+ k(-0 —R vk, o, —07 + (-, R |
k0, - (08 + .00 )~ (a0, + . Rk, [0, ~ (08 + 5,00 )- - l-a, )41 R.]  (AS3D)
I, WHELTO X D ITEHRT 5,
My =Ko (0, =08 = R J+ ke (02 R, )+, 40, 08 + -, R, |

=K [Hié _(gip; +Kikégkpé)_(a4 + Kig )Rg]
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Z iz,
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iR TR KR TR o AS 5o
ic » Kje v Kie = K —KigeKig =Ko Ky, (A5.5a-c)
KiicK e =Ky Kiic KiicKjie = ki Kjic
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My =Ky (67 -R,) (A5.6)
IS EAWT, MR HIR(3.12a-c). MMEE U KIZBIT HE— A 2 F o AW EpR(3.12d)
B L O BOREA(3.12e) B IET 2,
SRPEAERCH -
f. =k

us (A5.7a)
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WIT, B =FIZBWTEEM O 3 FEATICER LIZBREHFICH LT, BELZEXbE2EE L Ttk
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Appendix 6 +FSRBEZROEMERIMET R IR

b T ARBEZROMIME~ U 7 23R E D,

k 0 0 00 0 0 0 0
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