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B 0T ABRIEEIS O LS ICHEETE S, &5
2, A E LTI R R BIc kT 503 he, 2 F35
WRTEICECIOS» LERFT EFHAN S,
Frz, BH3S5ICBDE,rbNHEFVTAABL
U AN, & (2E,, - Ay,) £ DRI RRERET 5.

(2E;, - Agy)agAe ¢

= BAN, g
(@2lo, +) L (30
F#kiZ, fiRi22onTy
(2E,, - Agp)byAE,
w:%m’ 132)

(28y; +5,)
ZIT, Ay A R ENENIM A, B OWTER =X

Fo 72751, Ak, Ae, i3, HAMNETH S DT YK
HAMY BEESALEICAS 2,

g NE,

€aa  Eaa €

A
e,

35 1@EEoEEL

Ege

2@EE [Ehk(:1)] ORI

e He(1:1)@ 2 85 TRABRICB VT, KOVFAHD
DR ABIED VT B e, 6,520, BELTORE
NHRETDHEAEBET S, COLEDT ) Y TH
SEK, hETH, B36RTIBNILA:)D 2 dh5 5]
AL BN DT AME LOFEIENDEER, BTD
BRECNEOLDEEE LTHROND DT ADFHHA
M fEzEENENE,, &, LT B, LizdiaT
Ny=N, =023 L C, BROBEFRA L LTRREHF
%o

2,[llos(1+£,,)) - ()
+a,(1+ Em) =ay(1+ s,,g)
2,[{o5(1+ £,35) ) — (] )?

+By(1+£,,) =by(1+8,,)

(14-1)

(14-2)

AADERADIERAT B &,

7 a(€,: — &)
hg = Jaﬂeoﬂ(ENC = Ebf)(l i E.-u){l —m

(15-1)
- by(&,, = &)
4L 5(1+£,,)
(15-2)

W = \/bufw(em -g,)(1+ sm){
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FHM ORI+ ENIDEEZ ENEDT,
Fuy THRBELIBEORMORSIZIZIZ—ETH S
LIRET AL, BHMOES L, BEMDOFr v Tav %
HwT,

N
P, P,
ok Bk
AN, ] :
; be; Eiq =
36 2 MZEEHOEELL
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Loy = hey + b = h, + By + AV (16)

L, koT, BMOF vy Tav B L PEDBEHRD
e,

an
(18)

AV = (hey + hyg) = (B + )
£y = =AV (g +hy)

TELILD,

WMEEEHEET B ICNoh, H5, 60 bE,, &,
€1y Euq T ILATUB LB D B 7, EERFG R HFAM
A LIRS THE, T, #E5EHEAIFE LA
EHEHLTWADOT, HOBHE,,, £,,08FL0d O
EIREL, 200~ 1.0% QHETI T ERLEFIET
HEREHE L. TORRDIDL, 6,, =£,,=03%%F
AT 5T, 604 =£,0,=03% % R EROHEES
T9. M5, 6DF[FREALT 50kgtiem D 1 15 | 5RH
BRI OHAN S 2fle,=1.64%, g,=742%,
Ae,, =1.355%, Ag,, =1.365% & 3(8), (10), (13) &L 1,

hyy =0.0102¢m, hy =0.0162em
£,, =0.0470cm, (19)

Ey Ay, = 186.9kgf ,

85 =0.0371cm
E, Ay = 269.Tkgf

D1 ENEEL, ZIT, #hEROY SRR
RE—MEL»SESNTVWADTRILETH S EE L,
HeR EBAOWEREISE LWL OLELT, 22o0MED
FHEEZRAT 5,

EyAg, = EygAg, = (186.9 +269.7)/2 = 228.3kgf
(20€)
4D2HIREABBERP LTSI - 2B
£, =0.217%, g, =522% &, K(17),(18)& b,

1, =0.00951cm, ! = 0.00894cm
(21
AV = 0.00654cm. €,y = 0.262(26.2%)

DE1ENEES,

FHHFDOEDOOHMEE ARV EEEINLDT,
BEHR O & AR IT (4E,, Ay, ) = 80kgf BIRET 5o ZIT,
Ay TRV ORTER L R 1 GRS 2 AR0ICHES

tahEwEREL, E, =E, /10002 % 120 LT
BHET %,
6. 2. 3 A—F 1 PIHMOEEROHETEE

=T A IR OEEROW SR L AL S
HEERHwS,

=T 4 YT ERET HEM C,D,E,FORESI,
g, by, @y By BB KO BND B 1 ISR TEHO
AFEG,13, $936.0° THbH. —h, BOEDT A, HIE
THRRETHER - R ALIE R AETLZ LR
=74 v IHFEENTHLIIHELT, ¥
TR BE B, e ERERET B M4~ 100 2 85|
EXBOBOT ARSI OWTHESEERET S &,
M C D, EFIZLBIE)) 0T ARG E LTRAERE
Ba

‘Tl @
N, =Sege Y
T, MAEIHEERL,
o et + 8y, -cot’ 8,
bU
B= —E‘DAOD S tanzfi’n
b (23)

o (2E, Ay )cos” 6, sin” 6,
= L,z -cosB,sin b,

THbho TIT, A, AgpldENZNERH C, D DRTHE
ERT AL, EMFITRTHEMELELELE
T2LDET D,

BTFDOFETa, B, S, ERET 5o BT AEED
B T ABERTIE, Mz Eicrnshbs ki,
FTAOKOKNETELLZTRBTEL L) 2, b,
S, EWET LUENDH B, T ADKNBEFRIFEHT
Ehva, p, ScHVIUE, #RELT, BUOTAHE
BOUTADERMMEREIFRTER{ RS, L
o T, B4 ~10D5|5kE KNI 50kgliem DFEFR DK
O3 HIoH SRR IT 2ER L, #BEORED S
ENS, BT - O T ABBREFAMD NN, DI B, K
&) DENCkgflemE 2 AHED VT HER 1 IR
To ZIT, EH3TIEART L9142, OFAD70.20% 125t
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T2 EREL O &R SRR, BIEEME 23R
be COUVTADEON FIZL Y, BHEDTHMILE
BB EERLD, KRTH, 1HMBLF280%
Bt mTi2 2 O U T AOHFE F TIEMIEATOL
L, 2haiz b o IR R R S EHIT L
770 R1IDT2OTF—F 1 bROBRERBE,

1
E =—Z[[N§’ g —Sg ;)

+{N,/ - B¢ S ~£§‘°}f]

aZO, ﬁEO, SEFZO (24)

FHWT, B2 FEEETHEB L, a=750kg /cm ,
B =478kgf [cm, Sy =40kgf [em & RD 2o B, FE
i3, E =1.82(kgf /em)» THBo R2NEY,

E,. =33687 kgffcm
E,, = 31381 kgf/cm
E,, = E,=5108 kgffem

(25)

2185, TOKRE, KOTAORINE RO &
0.20% DAHE TR L7z £ b HET B, EHITAS
O AT T T, EIESAERT S5 »
FTRIZLTH 5, DfERANEC, ZOWRISEHME, F
DOREIEAEHC, DIC~D R N ENTHS ) 2L &R
B’y 5,

HHC, DOBERUFTHOE L2 Tid, [ 4
~10%5BHEL, £,0=£,,=025% LLET 5o Mk

ORIz oW T, BEN kI 2 WO TR 4 ~
038, H1ARLYNEREELTELIGRED
20% 2T B, B, E3QAREEINEORGT
LDEOVTAZHET AT FIIRED L IHE R
WEvoTHLWOT, EIGEIZE2HIICEL(,
BRUTHICDNVTY, €50 = 8,0p =2.5% 2 5 1 1EH1ME
ELTRET %0

EHE, FIZSBIMHERIICF 54 2 0 THRIRUT A B &
U 2 QEIERETTRD %o

6. 2. 4 BIRTIEMEESE R OFE

6. 1. 48T~z k 912, THHRHLIEES EF
LHERROMELD (K38), £2°T, Hifii THRD
WM E FHOFESS 2 ZE L TAEROHERDE
1R &k =650kgf/cm k, =31.0kgf fem
k,=14.5kgflem, y,=1.66%, y,=3.50%& L, &Pt
E, FHOE20RLZFORBTEAOVTAIL
5. =00kgflem, ¥,=042% FWET %, LiztTo
T, Eyphos = Eypfy, =00kgf £ 2B 22T, S EF
DR DT Be,, £,p5 0 B & & OBRTA v, I BT
RIS & RADBRIZH S,

2 2
BECh ROV
agby

(26)

vlE

EoT, £,,=6,,=02%L %5, HHEFORE 34
S 3AREET2E0U0TARHETET—71E
HEOEZIAEAVEWVSTHIVOT, E3IHR

BE2HEILELL, BROTAIL2VWTH
Ear=€0r=10%% 5 LLEMEL L TIRET 5,

Ie1 (kgfiem) 0.805
O i e s e G e
il #F1 28F|EXBOVTAOHRANDE
501 (a—F 1 v M OEEHOFEMA)
.1 0 IV S SR SIS 1 L e
1 e/ 1 2 3 4 5 6 7
e N/ 6.000 | 6.000 | 6.000 | 4.000 | 3.000 | 0.000
i e 6.000 | 6. : 4 000 | 3. 0.
2041
N f
) (kgfom) | ©-000 3.000 | 4.000 | 6.000 | 6.000 | 6.000 | 6.000
|
1 ! 0:25 N//N/ | 0000 | 0.500 | 0.667 | 1.000 | 1.500 | 2.000 | oo
I T T T T I
00 02 04 06 038 1.0
DFB (%) g/ | 0706|0729 | 0.805 | 0.753 | 0.494 | 0.407 |-0.146
B37 (NeN)=(1SD)DIEKRE ;
*)J)Hﬂﬁﬂu,ﬁa)éqzm 6'” -0.064 | 0.595 | 0.755 1.200 | 1.129 | 1.177 1.369
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6. 3 ISHEIFEIELEVEELERT (EEOR
k) (T A3mAN - UTABEROYI ALV
BT & 5 ARED & &S Loz v T
WA olns) - O FAMRE RS L 2 H, HEERE
LoOEENBOLNRS: (L, MEOEE THERE
HBETBH) FIT, B EAPTROFEEHTRET
HUEND L, LEDOOBY % T AT LRERR
WLETHEZ LIFERNIB TR, F742
EHRER TRV, £2C, B 1EMEZHYTES
NzlEh - OFAMBROERT R CRBEIIC, &5

12, BIEEOMBRLREL L HITEDELFITICLD
HEETIo
WEDHERGONLHEERER2IIRT, &8, B
HF % 72 0 BRI LS 2 W T ERMIE T3 7 { Ak &
Y I RBOBMPERELGEREF > Twh,

T

A EERAE S S

;%/‘ \%?wm
k,
/

k!
%\ W EE R
S
/\/
ERHE, F

Yo ‘Y_\-l Y_\-z

BI38 ByRTEE AL

F2EHWLIGH AL L 2v#R DR LT (5
EOFERIE) I B BT ARIETT 50, 25kgfiem D f#
MR 2 B4 ~ 1712, SHWTHRAT O TS % 50 20 ~
23ITTRY o BRI IEAIE ) Ha(1:0), (0:1) D 58] 0 %
B D EMICEBHTER L)Lk ol, E6I,
PRATRFZ S0, 2 5|0k & SUMTO#E D R Lo L
Th, #EgFEFVERVAIEICEY, Bh -
U HMRed RERE LGS Z LA L 72,
6.4 WALENET 2BV E L GRS
S3Ich VTHEEROYIIL—-Va >

K2R LIHERER T, § 5T HE 5
EIFEOBEY I 2L— P TCELPMERT S, E5
ERBRIZHA 2 VLB AL E B TR
TTo7#RER25 ~ 29 I2RT o HILH O ARG
R DHER O DT AF0SBIREDERIELNE,
ZOFEEE, H25hbhhb &I DOBR
BOKRE T AEERERIC 059 EERENRS
Nh, COERPZOBEOBWMIIH L THEELTWS
ERbNB, 2, BIZEKINIIENKIZOWT
3, MEFBEMENL D, FOERNKELLLE
Eibhb, Lo Lids, I6AL:0), 0:DIZEED
REFCTHwbshAZ LA L EMETLE, &
EFNTHA 2 VT A BT 2 £ 9 2T
WHLTOIT - D AEREHLIRERALESL L
HETE LS, b, FTEfT, WHRQDT
DYAFTAOBRF VT AEELELILEIZE>TZD
ERFUBRTHIENTES,

F2  MHEEMTE T L TRV AHER
a, =0.1375¢m, b, =0.1000cm, @, = a,/3, ED =b,/3, 8, =36.0°, hED =0.0102¢cm, hyy = 0.0162em

A £ E,E’ E.E' E,E.' ' 3 n|m | m
BE| ey | @) | Ggiom | Gapomy | capom | ey | o i i
A ]0.0016/20.0470 28550 28550 285500 0.00 0.30 -
AA |0.0016/2 | 0.0458 28550 28550 285500 0.00 0.30 -
B [0.0016/2 | 0.0371 28550 28550 285500 0.00 0.30
BB |0.0016/2| 0.0333 28550 28550 285500 0.00 0.30 - - -
C ]0.0020/2] 0.1375 | 34000, 34000 | 13500, 9000 | 6800, 2000 | 0.30, -0.06 | 1.20, -1.20 (0.00|0.07 | 0.50
D {0.0020/2 | 0.1000 [31500, 31500 12500, 12500 | 4000, 4000 | 0.30, -0.35 | 0.70, -0.70 | 0.00 | 0.08 | 0.50
E,F| 0.0014 | 0.1700 | 5100, 5100 0,0 0,0 0.20, -0.20 | 1.00, -1.00 | 0.00 | 0.00 | 0.00
Vv |0.0025/4| 0.0175 32 32000 - -19.00 - - - -
m=x| % b, k, k, k, & », n m | m,
(em) | (em) | (kgflem) | (kgflem) | (kgffem) (%) (%)
R, |0.1375|0.1000 65.0 31.0 14.5 1.66 3,50 |-040|0.25] 045
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ANé = E“AAE_§ A EIZAE,? 27-1)
AN, = E, Ag, + EpAe, (27-2)
& THE

E, -t E_ -t

EII = s Ezz :
v v

Uu Eg = vg . Eq -1 (28)

E,= E, =
v v

v=1- V-0,

727, E, =E, £ % B5DT, v, E =v, EORMEDL
BETHhboE L E tid, HhEMATRORMES
Hizh) OFREIE, v, v, i3, Hk LR AROFRET Y
EBERERLTVS,

ZIT, 2HMOEAOK (BMEEAL) 2100 &
EAN,=0THHZ b, RE2DRATEE,

E
AE?,,i =—EiA£; (29)
Eh, shreeDIctATS L,
E2]2
AN-E =(E, +E—)A€§ (30-1)
2

b IBHEDO0:N)DHE S RIS
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11
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§= {(ANE, - E,Ae, + E,A¢,)
=1

i

+AN,, - E,Ag, + EZZAE,[,)I}

g2y
f{AN; -(E, +E-;)AE§) G

4 2
. E &
+[.f_\!\",r —(Ey +EI_1)A£"J

11
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K _95 _5 _,
3, 2E, @B, 32
75, E,, Ey, E, %KD, E. -t E -t 0, 0, 2RDD,

2L, R@EDIE, FERBETHBXERE0T,
Za— brEEFHWTEHERD S,

25 ~29D LIL I HOK & WIE D) DIEN A3 2kgffem
L 25keffemk % B & EOHGR ERR IO EREND
OF A EHAN - FAERERIITRT,

FIOMAFILHBEEMS T AEmERGOIEAL,
E, =2611.5kgt/cm, E,, = 1493.6kgf/cm, E,, = 1372.7kgf/
em%85h, Tk &, REMEIL, S=209keffcmP T
Hotze ZOEEREHIZAATEL,

E, 1= 13499 (kgf/cm)
E,-t= 7721 (kgf/cm)
v, =0919, v, =0.526
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Examination of the validity of the constitutive equations

based on a fabric lattice model

- The comparisons with experiments for fabric membranes under cyclic loadings -

SYNOPSIS

Shiro Kato™
Tatsuya Yoshino™
Fumiyoshi Takeda™
Tomoko Ono™

The present study aims at confirming the validity of the formerly proposed constitutive equations for fabric membranes under
cyclic loadings. The crimp interchange, material nonlinearities of the yarns and coatings, and the interaction between the
yarns and coatings are considered in the equations as a nonlinear continuum. Therefore, the equations have a form that can be
directly applied to FEM analysis. In the experiments the authors performed three loading tests. First, in the bi-axial loading
tests the tensile stress ratio was kept constant during all the process of this experiment. Second, the ratio was changed during
the cyclic loading depending on the change of stress ratio. Finally, shear loading test was executed by controlling shear strain
with initially introduced tension stresses. The validity of the proposed constitutive equations was confirmed by comparing the
stress-strain reiationships of analytical results with those from experiments under cyclic loadings.
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