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ABSTRACT

.THE CONSTITUTIVE MODEL FOR TENSILE
PERFORMANCE OF WOVEN FABRIC AS
ARCHITECTURAL MEMBRANE MATERIAL

ABSTRACT

- Architectural membrane material is a flexible composite,
which is made by coating polymer rﬁaterials onto the surface of"
fabrics. It is a tensile resistant material with minor resistance
to compression and bending loads. In the presént study, efforts
are made to predict tensile properties of coated woven fabric as
membrane material through an investigation of the changes in
fabric structural geometry and tensile property. It is
demonstrated that, once the relationship of tensile properties of
woven fabric before and after coatiﬁg is known, so as the fabric
parameter such as weave density and yarn count, the tensile
performance of the membrane can be predicted if the a'mount of
stretch of woven fabric during coating process can be
controlled. The results of the study would provide a basic
knowledge for one who is studying other mechanical properties
of 'membrane material than the stress-strain behavior. The

results would also be useful for relevant business such as’



ABSTRACT

des.ig'ning and manufacturing departments of tensile structures.

A nonlinear elastic constitutive model is developed under-
the assumption that the stress is uniformly distributed at the
nodes in the plane of the membrane material in the direction of
one yarn system and the strain in the perpendicular direction
resulting from crimp interchange is also uniform. In the model
the curved yarns and the coating polymer are replaced by
stréight bars, of which the tensile behaviors obey Hooker’s law.
The shear deformation and the bending resistance of the‘
membrane are neglected. The model accounts for the basic
mechanisms of crimp interchange, yarn extension and the
extension of coating polymer. Polyester woven fabric coated
with PVC (PVC/PES) is used to evaluate the prediction results
of the model. Although the comparison between the theoretical
pre;liétions and experimental results shows an acceptable
agreement between them at lower strain levels, a significant
deviation is observed when at higher strain levels. The greater

the strain is, the larger the deviation would be.

By observing tensile curves of yarn and woven fabric it is
noticed that both show non-linearity with distinct turning
points. Before and after the turning points the slope of the

curves changes significantly. In the present study, eight sample.

I



ABSTRACT

curves in warp or fill direction are chosen from a populétion of
ten.siie curves. By regression fitting curves as well as the
turning point are obtained. By means of the least square
method, the nonlinear tensile curve of fabric is approximated
by multi- linear sections. The slop of the linear section
represents the elastic constant of the sample within the section.
It is confirmed by W-Test that the sample obeys a normal
distribution. The confidence interval of a population’s mean is
solved at 5% significant level. By examining the cross sections
of woven fabric before and after coating it is well demonstrated
that, during coating process, the degree of crimp in warp yarns
reduced due to the processing tension, while that in fill
direction increases by crimp interchange. The crimp
interchange would affect the prediction of tensile properties of

membrane in relation to those of woven fabric before coating.

By considering the crimp intérchange and extension of.
fabric during coating process, ‘a nonlinear elastic-plastic
constitutive model for evaluating tensile performance of
membrane material is developed and the tensile performance of
the membrane is simulated. The effects of fabric extension
during coating process in the tensile performance are discussed.

In the simulation the tensile deformation mechanisms of either

mr



ABSTRACT

crimp interchange or tensile deformation of fabric during
coating is analyzed. PVC/PES coated fabrics are used to
evaluate the prediction results of the model. It is demonstrated
that, once the tensile deformation of fabric during coating
process is controllable, the tensile performances of coated.
fabrics can be predicted from the tensile behavior of fabrics

before coating.

KEYWORDS: architectural membrane material, woven fabric,

constitutive model, tensile property, non-linearity

LUO GuolJian (Textile Engineering)

Supervised by Professor DING Xin
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KK A-6)RAKRU-T), B b YHH M5 & X #mKKh—
XK FR:

d
0 =5 k(4 6,)1-2,)+ 2k, ] (4-8)
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au ob ob,
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1 oU
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fo Amedr o fiea}
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z=asin (4-19)

AMERREMTREMENLE R, hTFAHER RN, 25
Ml BB, BB GO R, S R
T 1 60 R B G R K G

g, = Leowea = L, 1000, (4-20)
fabric

AYBLHREMIRBEMENERE, 2RZHHMERD. — T
m, 22 Mg/, ERELTRBRENEDHME, HERTH
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W E ELRENRIRRIE

ZYRTHRBRETVEBENBHBL Y HEEEB DGR, WTTE
BEMEEEmlEREEEER . B, BETHNLaFHatEE
MREAMNZEZSER TR, URAYBREFIFENNZEX
FE-HRREAME, WEHHHREEEREANNE_NER: 5B
—FH, FYEMBERER, MBI T EM S EE R D EFERN
FEXERAASR, B, REPSAFFRERENRE NN
ER=LEH. '

(2) PERAEMBERS M SN OKEHH

ME -6 M- AP B RRB T FEABRHN BRI A, XX
BN RARBENZHEAEBEAMERMER _HISHERRBEA
MERNTR (MRRHMEHNBER ). BRyEZxB p REWA,
BE x, O n WEMEHIREs (a=1,2,,N) RAEZES 4 N (0,
o), FA4RTURHZHARNAEY, AFREXBERATEHTE
EHRR, 48%9:

F2F,(p,N-p-1)

MEATEREAEEEEE LM,

BTN EMRAOIEANEREEE, KERS, BER
BEANBOELBS, NER LY, EARMRES 0 RAKS
&, TUEREBEMNRAKE. RAONFERH, YONEHER, G,
Fx))s (1= 0,4 Ny Nay Nooy + M) N BB A (HIB BB S R n 4, 3
AREH N AT ED.

TR W3[0 - )] BB AN B — B b R,

i=0

’k,-s+bl (eSsy,)
¥(e) = ky-&+b, ,(”}1 <ess,) (4-21)
M .
UL C L

Hi: b=0, b=,k ¢, S b, =W (&,1) Ky Eynry o
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BN %R ERENNETRRIE

0=) [f(e)~k-5,-b]

BEQEBIZ AN, N
dg, %
" —ge, [f(e) k-5 ~8]=0

B @4-23) R BEEE.

N,+N,—l

Z [f(e)-k, & - b]

=Ny

¥ ¥(e,) Eyl’fﬁl\ b, REAMBE b RAR@-25)FH -

Ny+N,-1

0= Y [fEe)-ke-¥E,) vk e, ]

=N,

Ef QBB N, W
Ni+N,-1
sz 2 (gyl_gi)'[f(5:)+kz'$y1_k2 g - lIJ(“"l)]=0
i=N,

HRAU2NEHEBESE.
IE- (“"i —gyl)

=N,

N+N,-1
2 f 2
(gyl —Ei)

i=N,

(fle)-¥(&,)

kZ

Ny#Ny+L +N, j+M-1

&: Qn= Z [f(gi)_kn'ei—bnlz

i=Nj+Ny+L +N,,

# W(E0n) s SonfOA by RIEKAEH by RA LR i

Ny+N,+M-1

0= Y [fEe)-k -6-¥(e,0n)+hy £y |

i=Ny+N,

(4-22)

(4-23)

(4-24)

(4-25)

(4-26)

(4-27)

(4-28)

(4-29)
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N E EREUAEIRRIE

EREQKEIZA, W

d Ny+Ny+L +N, j+M-1
9, = (&yn1y— &) [f(a,.) +k, &,y —k, & - l~I’(s:y(,,_,))] =0 (4-30)

dkn‘ =N +Ny 4L +N,
B (4-30)EL B
Ny+Ny+L +N,+M -1

Ent ) (& ~&ynu1)
k = N Ny (f(&)-Y(&,py)) (4-31)

n N+ Ny+L +N, 1+ M -]

2
(&)1~ &)
i=sNy+N,+L +N,

EFETRMRARENREES, Bk, —BRATALREE,
DERALREEN MRS N RBHEN. BRRARENRAKIES
NH, MXE i AXRBESBEBUARS o PREES. k.
Kizs o ki B NARFEHARENELZSANLLETAS: b,

oo ooy Koo MERARBESTUBHIHELBRNERTY,
MESMEEH AMBEBMHEN (HRNETY, NERFAER
BEHBMONE). NRAREFETURANEHF AR, BHEER
BA, ERARFARARBTE—&A, HELHHR.
MEEASBITEEFHARE, X TFMELRLEE, KA Shapiro-Wilk
WK, G BR: He: REAREESSANEHE: H: HARAHE
A M. BE, A HR I KN B KK FHT
Shapiro-Wilk % (BELME=) W% &N

I 2
[Z a, (W) (Xpyy — xx):l
W=t : 4-32)

3 (3, - %)

i=1

B W<Z. B, E4& Hy, IAHARIES; Z W>Z, 8, ¥X H,
MAaHEES. YHAZBESSAN, BN ECEREERR, X
FEAL AL, MEAXE, A DixonBE, AN EEFHEKX.
BEMMEHITRR, EXHEAHAREH.

BEARMBEHRTA TSI NERAOKE, Bk, aTlEIH#E
XA AT R R Y, BB E~Nuod), n ARTBH,
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BN E ERENNERTRRIE

M (&8, E) AEH—AHE, EFERANERT, EEEH
Ml—aMEBERFXE N

(4-33)

- S
—_— -1
:i (‘n__ltl—alz(n )
Hep: SHERRHEEZ, CANEAHME.

4.6.3. R B

MNH 4.47% 4.6 FRENFIAEEY SAHE (R®E-5). (4-8).
(4-11)E X (4-16) (4-18)LL & (4-8), (4-12). G-13)F I F 6 AL &, W
3NN N EBo,\ 0, 0, 2NMNEXERe,, ¢, MIANMUBE, 7
UEBESLAEHMXRZB YREIBRBXRZAKNNS. ARAKZER
HHTHEEMYN, HEFHN N-SREOER 4-9 firn (BFALHZF

) N

RFai

For i=1 to n

Oy =£(i)

Orx = £(y,x)X0y § Orz=f(y z)x0s

Er<tn
T F
AR A AEE 2
ﬁ"{dsr,ﬁn,a ﬁ‘dﬂﬁr,ﬁn,ﬁ
di=di(1+€7) ; de=de(1+6r) y u=hy-§ ; h2=hz+0
#R

B 4—9 443 0 P M KB UF R I
(1) RESH

MET 461 ERSHHTHRE, EdaAFBEEHMONR, B
HEBHINTFRIA-2,
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B E ESRENNETREIE

F42 AP RBEHE KR K Q)R EIE®Q)

Ky it b4 B
B
45 ] 2 % ) %
& (em™) 5.80 5.80 5.97 5.64
# K (cm) 3.45 3.46 3.35 3.55
¥ 18 (cm) 0.12 0.12 0.18 0.06

BER 42 DHFNSHTE, REEAYELAMKER N
£, =261%, GRMKER e, =29%. EXRBLYERBEIRSD
MERE, BhHRENAYNRMIES, RTREAXFR T OERY
U B A 0 i 0 B |
A AT R S AR Y 1 LT 4 S R R R R
H-RMEEE, BAANENTREHBNERES, HFRAHTEM
MR, BHEBTREOLER2LTHERS, TSP HE i
BEUNEEH. NE=FEME 3—5. B3—6 B 3—7wm, &&.
MR B 0 B R AR U DL B I A, 7E T AT S R
PR AEBHBHER.
WHRMBMER A (B 3—5) hH—A %808 E A,
MERFAZNRZEHANHEEARKERE, BATURARA
HUERRERDER M D LHEHERE (HHESHE). K90
BARNEME (B 3—6) FA-ABEMNTEIA: B—I1ET
AMHENS, 4ONEHERTR (MLEEHERE): B4
BEFERSRMOMMAZEENE (MHEEM). ERFAZHRZ
B, RH-REMANHEAREEARERE, BETURA=A
B EEORME AR 2 S (AL S IR A
HREgH).
EERNAREEAETREEEN (WNAEHY), AT RHA
SHABERKYE, hTERRBESHE HAMAWELN, AR
MRS - MAEMETH—BS (BN 0~5 2M), NARMER
B ERTAVRESERANABERN, BREY 462 FHABRAHE

39



N T ERENAHELERIE

M ERRBEHAERFTE:
y=0.02-0.47x+3.93x%-16.25x* +32.95x*-26.74x° +8.67x°-0.42x"  (4-34)
BHa-10 4R manRmRAREREA. AEBRRE, §
EHMASHEMARARFN - BNEABRKZ (ZHKAEAEY
B)RK-ZMEE, —HEANSAREANABEZNE R (HRARHBK
MREEHRE). B4R EETLRIN, BHNEEFANE

BHMEMME, FITRI-3MRL4-TH.,
60 T - r - ' : v -

50

40}

10} ~B S

-0}

_20 1 J ] i B |

BMa—10 RRBPEWERL KRS L

CBEU LS, B n=3 KRB 4.6.2 K (4-21)~(4-31)H7 i fp
NEMBOMEST (BASRESBEMDA), RALKA ALK
B RN, BARERBEFAXRA N-S HEE4—11 5
RREE, BERME—.
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F N E BRREENEIRRE

RFAH
For i=1 to j
data(j, 2#i-1)< DATA (i, 1)
! ta(J, 2¥1-1)< DATA (f,z
- T d
g iBR=

while data(j, 2*i-1)< DATA (i, 3)

For i=l ton

MME%T““““~MENTEfﬁwf”*’#ﬁfﬂfr

ARSI — i

PN & FAb{E
IRt R RS 2

-
W | e
WS A R R R
O

B4—11 AP orBEeUtUlSEFRER

gHBARTPRAYGAN I -—NEHENSBREAHEUSHERT
BT

kp-&,+by (6‘/ 50.72%)
W(e,) =1k 8, +bp (0.72%<£, <2.68) (4-35)
kpy-€,+b (&‘f > 2.68%)

REX4-35), BRIRF (AHF—) RBLEHRETFAYH
HRBRHERTREAUMDSHEWE 4-12 Fix,
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%0 E ERENOEIRRE

350 . : . _

300

2501

200}

Stress(N/cm)

150 ¢

100+

50| R
Blass

0 4 8 12 16 2
Strain(%)

B4—12 R G Mk RUE £

0

AYSG A ARMESEEIBUSTHEAY S KT, TRHARA
gaMEEETUHRAYIBREEUSHERER S,

K43 WE R Y 4 1 $r 5 4 e

HOEMER1 NERA1 EHEHR2 NMNERLA2 BEHEEHS
=2 (N/cm) (%) (N/cm) (%) (N/cm)
1 - 226.88 0.69 1136.79 2.55 223.77
2 204.95 0.76 1115.38 2.66 . 228.90
3 246.91 0.70 1014.87 2.84 231.15
4 212.12 0.72 ‘ 1121.24 2.60 225.68
5 218.34 0.74 1100.42 2.76 224.57
6 242.22 0.75 1082.76 2.72 228.45
7 214.27 0.69 1038.55 2.65 230.46
8 244.32 0.71 1098.22 2.66 230.22
{yg 226.25421.30 0.72+£0.04 1088.97+47.82 2.68+0.16 227.94%4.17

HEEAHETEAERE, &Eﬁém%ﬁﬁﬁ#ﬁﬁﬁ%m?i@#
ABGHYWENERGKR, BAKMEFENLY 4.6.2. Shapiro-Wilk-
RMEHE—FRBEHEELE o ARPER n 4 Shapiro-Wilk KR &
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%N E BERRUVNBRIERIE

B, @haW). Bn=8HEBME4—4 iR,
R4—4 THEEHEB WHERRa, W)

J 1 2 3 4
a,(W) 0.6052 0.3164 0.1743 0.0561

RygaBlEsEN I IEEETTE WENRI-SHT.

R4—5 KFHEWHE
i BEEH1 NTHE1 BRMEEH2 NETE2 BEHEEHS3

\'Y 0.8527 0.8990 0.9260 0.9839 0.8490

R afn, BEXRCITHWHEREZ,. Y08 H, EANK
FME 4—6 Fim .
R4—6WRR ZItEWHa I H Z,
0.01 0.05 0.1
Z, 0.749 0.818 0.851

mEATEH AN WZ, 8, % Hy, BIEEXRESTA.

EEREE 1—2a=0.95, # a=0.05, &t HARMB1_,(7)=236, &
BSUMERRANRKRI-IFHIE.

E4nmEnEl SHETcRiPLanmE - NEHEN TR

SUEMNENERTENT:

ko€, b, © (8,20.71%)
¥(e,) =1k, 8, +b, (0.71% <&, <2.68) (4-36)
kw3 .8‘0 +bw3 (gw > 268%)

RER4-36), BEIRF (AMR—) TRBLEHETFTAY
ZufdoREtEUEmE, WE4-13 xR,
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£ N E BREMHELRRIE

Stress(N/cm)
\

501 — — g [
BaM

0 4 8 12 16 20
Strain(%)

Bl 4—13 YL mMERil &g
ZHETHTAYL AN RARMES IRV SHEYERE, X
REBLAYLEHFEEUETUARD - RESBREAUEUGREH
KRR ARENZEEXRT 16%H, ARMENFAEHERTRA ML,
ERMEANMREHRE, BAFAXFSRONEHELE 0-20%2 0.

R4—7T BREWAYE R k6

R OHEHEEH1 NER] BEEH2 NER2 BHEEFHS
vz (N/cm) (%) (N/cm) (%) (N/cm)
1 231.44 0.69 1140.44 2.55 257.35
2 214.23 0.75 1104.20 2.66 263.40
3 277.73 0.68 1060.76 2.84 265.35
4 235.56 0.76 1118.12 2.76 261.24
5 . 244.28 0.66 1078.34 2.59 264.18
6 256.62 0.67 1132.53 2.62 264.02
7 223.12 0.74 1112.88 2.72 258.26
8 246.04 0.73 1065.82 2.70 264.44
{i;] 241.13+36.60 0.71+£0.05 1101.80%+41.04 2.66+0.16 262.31+4.68

HERXAYSRMOERITTE, AETA WHEHNR 4-8 5
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£ N E EREMNEIRRIE

e HRA-6MUANBH, BERESSAH. BXEBHYERK
B, ISHHEBERRAIALRI-THHNE,

Ra4-8 B WIE
SZm HEFEH1 NETR1 BUHEEH2 HELA2 BUEEFLS

w 0.8834 0.9124 0.9084 0.9693 0.8980

MNERSHH, AXRBTEHRELANILAEHSHENF
P S, RIR RIBCT R R BB 3T L 45 # 3k £ 4% b R 3k
5 R

(2) EEH

EHHNESRBNEEIERT, WY 461 PR4-THiT, &
Btk 6 WRBEEIAINR, B—HBROBHERHN
k,=110840, B _M B BREFEHA L,=26239, NEEHTLH
£,=049 , % B ¥ ¥ B K = k,, = 1,108.40(N/cm) , Kk = k, =
262:39(N/cm)fﬂ PR P R e,=0.49% K ANERI 712, 0] 1§ tH ﬂﬁﬁﬂéé

WafprEgE, WA 4—14 FToR.
350

300t

250

200

150}

Stress(N/fcm)

100}

80t —+— Theoretical |
Experiment

0 2 4 6 8 10 12 14 16 18 20
Strain(%)
4~ 14 BMEZRNEEMLERE
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N EREMNBRIREIE

CAE4—14 FAUEL, HHNHNEs,, <049%H , BIEEHE
B, BEZRHLTE, REBRNESARWAEVERE:; AN%
£, >049%B, BUEFEHEHFRZ D, ERANERMZE, BRHMNE
it 12%)E, EEFRAEERRMREZAFE-—ENRE.

FENEE e, >049%0, BEEBEHE D, X2EH THEHEEM
HHAYTHSENABRITFEUMRETRL, EEFIRETHR
R, BTAUKEHBERETE, EEHAEES R AEZEF
E—EMRE.

FLmmBEREN, BMEESRREMENERT, HE-HR
B FHE B Bk, =22625, B B BUHI B B0k, =1088.97, M
B O A KN £,+5,=362 , ¥ k = k, =1,088.97(N/cm) ,
ki=ky=253.58(N/cm), MEH K e, =¢c,+ 6,=5.85%RARETE

d, BHEMBSRKNRMER, ME4-15 iR
350 — —

300%

250 3

200

150

Stress(Nfcm)

100t

50t —+—— Theoretical |-
Experiment

U I ' i T S

0 2 4 6 8 10 12 14 16 18 20
Strain(%)

Ba4—15 BMHSGRaMENLE

4—15%, NEZBE 3.62%CHA, BHEFHAYLLE ##%
BT RAE, BHEEHER, EEFNESRARNREVERE: M
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ELIE A i g A

BEE 3.62%~585% A, AYURNHMKER NE, BUHEEHXK
@K, BRESUAEEAYE: ERTEF S S.85%HNHE, &
BRUESABRAAERERK; NEEAE 5.85%L /5, AP L
MERERE, REPHAEE Rt 24, Bk, EERAMNES
RRMAENESTEG: BRTUINERT 16% N EHBES U AEN
REHRT KM, | |

MBA-14FTUEN B SE Ml AENEE <3.62%

B, R - ERFLBUERS, BUESTREVAEBEY, &
£,=3.2%N HEBEUHRBRRYK, BREH s =585%m NRFXH
HER, TERABTFZMBRUMEKER D E, WaT—B B UUE i
BlhhE, GNREBe>58% M, XRESHEMUERFT—EHRE,

ERXEERNBERZFEN, RFEEERAS RN A LREE
LA E L L SR

WE 4—15 BT LB, MHBM RSB E N EREA LML
AREEE, MENERF BN EEM A 2 RS NR LGS
B, AXKRAERAVBERAT — S NA R, BELELHEH
HHBEAMBHRAR LT ERNEBIETR.

4.6.4. 9t iTie

ME 4—14 Fin, UEENEEEET 12%: HWE 4—15 fiw,
LGN ERET 16%H, RENBMNER T AR XME. &XE5H
MEERERAYHEHABITHIANERLEMUEZAFEFENE
. FERPANEERRERESHTHRE, WHZHRPEORH
TRAENABMAR, BEXVAEMTHEE. ¥ FEMEHRITE
KMfiE, " BMREEBPIERMER. BHit, XXHTRFOEIN S
WEIBRLMEX, AREUMELAGTEAXHTBLNERELRMET
—FhEg AR F R T .

4.7. KBTS
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N E ELMENNETRRIE

EEBEREHBIEXE MR, FBRRBARFHEHY
B RGER RN R SI R E R RORT A, R R T R A R
RH-NEXROER R RGNS B R AET,
HMAKTHETAARMYERESRIE. SR E5R M2 [ M
HEH. BERERLZR.

FAMHREAMEREEMR P HOARREHRBRE RS
GHMMET A, DRBM MR — T % R R 0 S e
MEH - NEMEBFEEPENMENEREL, EXREATRE
RESGERANABUET RN AN ERBET, TREANNRE
AEHMBANEEAFNENER. MERARTREATHHAY
B (REEH), B, ENFAESRRWABEREAZFHE
ERAWER. BT LR, BXAFBEMETSRMEL BT
(M BREBMEER) THEREREANERIGE YR RS
BAMED. BUAEIEHARAMERRB N IR A RN NE
B, BRARPM - REIBREGUEUS AU B RARBE, LEEH
BEMAESHBARBELEAVAS. BTFHAWEE AL HURK 84
BAGETIR, BFARERME, TURA W KRR KT &R
REBANEES %, GREVUHARMNES 44, EEZHAT
a=0.05% FHRAWERBHAANENESKE. AN, AHEE
TEMEREMIRENHNEES, BF2RRAMNEBTAET
YL GHENREF BRI LHERORK, AT T aRE
YR HEEERARLTEHRBNES B GOR M2, XA
PVC/PES i # % B 12 4 52 3 3k 30 A8 % 09 7 SE % . A B 20 L0 18 R iR
B 08 0 R L U, AT A M R B R B

HTFRESRPANESANRBER, BTHEMARORMTH
SRYERNREHETEEUENER, BHHASANEMT
HEEBRKWEN. AXBIAHNRERY, REQNERENAY
M, URBESBFAMMNBKER (RTETRETLER
BRI, £ T UUTI R R G B R 0 5 b
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% H#E BSELR

BHE RESHER
5.1. MEBESHR

a) HB 68K

BRMOERAYORBARBEFRASBL: ERMGHKS
BiET —ERAFHENN B A, B ANENHERESL
BK. AUSEARBHEKRALFERNTR, BEEX—BEEA
(£H: 0.71%~2.66% 2.66%LkfG;: & M: 0.72%~2.68%. 2.68%LA
) HERHEBREEE.

BN RREHNAYREMEHBEMNRAS AL SYUERE
ITEHERMBMERAMINAEHHNEL: SYDFEHEERD,,
BKEK: SOEMBEENK, BKEE. |

ERMTRERRY AR R 4 AT UL A B = S AT
SREHKEBBEERMFEREEY: BT RESRIAYEL AW
RMER, BTEMBNRMTISENER R BEEEELERE
MESHS, BHHES, SRORETIRTRANEN, EBRMEN
Apah, 2. GAEROHEHELAMAOERT, TUESMH
BIEAMS ARG, EEAMSRRMELR, NTHAEMHS
GHREEEZEANER, REBRMEOMAE, BERE.

b) AR

AXBEEHAEFHIILSATERIOHAURGEMERIIEN
H-HEANERELRAION, BTUHE, GYXRABANRNAA
MEEMHABRNEHETRERBEMHNEGZR. B, £HKR
SERBEMEHABRNARTEEROFG. FRRTNREREROE
MEBYTEMERHBOFEREREAARE., ZEEEKIANE. 5§
SEMEREXUETRR, URSEKVBREMHEMKEEETR.
RiggEFEZR, FIH=ZATRARNELETRA, XF 441
NHARTMEH, A MATLAB BEHARBHEMH @A L — N
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B HE BSSHR

A

@it PVC/PES BHEBMARKRIEMBMITREN., FFRALE
X ENERAAN, ERRMNESRRMRAEYAORE: B4N
BB -, ERFNESRRVAGZOEERSE, RHENE
Mgk, HEZEMERBEIMA. |

BEMOERNAEAGRBEENEREAZOTRAIN, &
IREMMEMEASERS B HB KN ERN TR URAYE
RETETHNSHBEM B AN EWTEL T RREMY
MM ERMESERBEARER BRRANSHERREARY
AMENMER EEERAYREREERB BRI BRARERD
WMUEER, HBEEAVHELOT: AXRNBEFIMREREEH
SHAYE. GHMRRHE, MERKSAKXAAAFTE-HNIHB
EENERFROEA (RARBMANER S, EHEMEXAEA
CRESBAUBDSA YN MERNESE, BREROBLH R
MEBREES: RA WRRESMEAREBRNESSH, XiE
SEBEEEHAT a=s%HERFRERASZAYENEFKME.
AEBAREREGEFEEENHERE FEA, Bt SR K
A b B B, FIA MATLAB %t 8 1 5175 B 51 8 i 5 1
Ry — A% 4%

BT PVC/PESHEM B ML RIFLFEURBHELIHERR
RN, BTREE (BH: 12% %E: 16%) U FEHFNES
RRMRAEAERANER, SEIBRMAYBMERFREIR
M, TERFARATEI - RESHRAE R R AR BN EL
VAR, BREEME B R AT RN R, B S R
BASNBRPIMEHRSR, YBRAERBREER. BXLRBEHE
MHEABREAHER. EFL, EEMBHEHFRERSOEED
FHRTHREES. BXh, ERATROBEAT, BdBRAIBARN
B (mASTH RGO, BT UK R R B A 1R AR R
¥ i F
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®HE RE54R

DESIRLEREZY: ERNERENADMBER, UEREED
BFAYNMKER (FTESREIZESREN), o LUED B
B4 A B A £ A 5 0 S M LR TN R 2 JS R AL R B A e
BETOYSEMB R HERIXR, BT EUREE P XS IR R S
MENEXR, XMAUBREGTAYKORBELRE, NTHELADHE.
GUOERRYITHA.

52. 5 TR

FREFAAMARILAETHTFHEUAENERYE, RARKHZ
RES=ZBREURFRRAYNWN ) —NEMEFEEE AER Lk
W, TUAXLHBRAHMEAKRLEREEFLEML. HEH T LUPES
AEHMNAYEANBHEIAEARNAHENRERE R (JLAEL
HEE: EMBERZR-NREKERE: RN BERERE:
HEERHRE), Z2BRABRMBEIR=R, TERMEHA
F—ENENHE, SRLAFHEIEGHRE, BBNE (2R 12%;
Gm: 16%) UEHEHANESXARWRABEZRFEE —ENRE,
i, AXZRTOLEAERENHZANBBRERASR.

AXEEPVC/PESH MR BIELFRERBHERNEFTXNTE
B, ZEHRTRENRIENT BRI SN MERNRER/RT RSHKRE,
Wi+ FRAFEFES AXRPIRABEE S L@,
FE, NHERAYREME AR EHER, BERIE M E
HBRTHHEEREURERITENERL, XEFGHHERME
ML : TLUERREMBMIERE, TUSELREF/RED
(Maxwell), B¥#E (RUBBHE) AKE (FEMBBOKTEREN
n) A, RERREMENELUERE. SEMNBREMEZ BB
HEBBARE: AERREIBRPIESHEAEMEEROER. K
MHE%HE*%&%&%%%,W%%EMW\EEHEHHE%'
) & .
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M & —
function experiment=main(string,k)
YRBIHAEUE, TREAASBREERBREA Y MmIELYE, K
EZRARITRE: PBRANKE, RESBRARFREMEME REX
S8 HH: YLD Mexcel TP RAYMKERW AL Rmm, T
K ER20cm, A, NEE=MKE/ (MHEKEX10) X100% =
KB/ AWLBMexcel HBHPERYEZIN I =H/EABERE
ACMF L E KB string W 3T Fexce TR FE WX HF B F; k()AK
MEKEZINTEHSYE, KOIBNETIAMKEENN DS H
REFEHRES, DEASCELNBAUTER.
2 % 7 b . k=[2,23.5];string="C:\Program FilessMATLAB71\work\
P B 1 \excel # 4B & ¥ \fabric_Uffl.xls';main(string k); R & I $L 1 :
k=[2,4];string="C:\Program Files\MATLAB71\work\% [ # \excel ¥ & |
&b B \fabric_Ufwl.xls";main(string,k);

datal=xlsread(string);
[m,n]=size(datal);
n=2;
for i=1:n/2

figure(i);

" data(:,1)=datal(:,2*i-1)/k(1); data(:,2)=datal(:,2*i)/k(2);
turn_point=point(data); |
%RARENABH, HHIBAUREZHAERRHK
%datay — 4 iR % I ,out_point 1 H #H ¥ A
linear(turn_point,data);

%R F B ZFRER BB K
Y%pointy i K, datay —HARBREE, Wik BEFE LK

end
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function experiment=point(data)
%ERHLAMAEE: AHSHEER, XR_HERENF L, HAR
i £k 89 B 4T
syms X y;x1=0;y1=0;j=2;
while data(j,1)<=5
x1=[x1,data(j,1)];
yl=[yl,data(j,2)];
=it
end
plot(x1,y1);hold on;
a=polyfit(x1,y1,7)
x1=0:0.01:5;
yl=polyval(a,x1);plot(x1,y1,'k");
for i=1:8
y=y+a(i)*x"(8-1);
end
y_3=diff(y,3); y_2=diff(y,2);
t=double(solve(y_3));t=sort(real(t));temp=[t(1),t(2)];
hold on;
i=1;
for j=0:0.01:5
y3(i)=vpa(subs(y_3,x.i));
y2(i)=vpa(subs(y_2,x,)));
=it
end
y2=double(y2);y3=double(y3);
x2=0:0.01:5;
plot(x2,y2,'k"); hold on;
plot(x2,y3,'db');hold on;
x=[0,5];y=[0,0];plot(x,y,'k--");hold off;experiment=temp;
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function experiment=linear(point,data)
%k iR B AR ¥ # R 4y B Sipoint, BN ZRESBRLEHEMEL
P e 3E 4t #h 4% ,datady — A R R B B,
x1=data(1,1);yl1=data(1,2);j=2;
while data(j,1)<=point(1l)
x1=[x1,data(j,1)];
yl=[yl,data(j,2)];
i A2 H
end
nl=j-1;x2=x1(nl);y2=yl(nl);
while data(j,1)<=point(2)
x2=[x2,data(j,1)];
y2=[y2,data(j,2)];
=it
end
n2=j-nl-1;x3=x2(n2);y3=y2(n2);
while data(j,1)<=20
x3=[x3,data(j,1)];
y3=[y3.data(j,2)];
j=itl;
end
plot(data(:,1),data(:,2),'k--");
axis([0 20 0 350]);
hold on;
m=j-nl-n2;
al=sum(x1.*yl)/sum(x1.*x1);
' xx.1=0:0.0001:x1(n1);
Nl=length(xx1);
yyl=al*xx1;
plot(xx1l,yyl,'k");



yl(nl)=yy1(N1);

holc'i oh;
a2=(x1(n1)*sum(y2)-n2*x1(nl)*yl(nl)-sum(x2.*y2)+y1l(nl)*sum(x2))/ '
(2*x1(n1)*sum(x2)-sum(x2.*x2)-n2*x1(n1)"2);
b2=yl(n1)-a2*x1(nl);
xx2=x1(n1):0.0001:x2(n2);

yy2=a2*xx2+b2;

plot(xx2,yy2,'k");

N2=length(xx2);

y2(n2)=yy2(N2);

hold on;
a3=(x2(n2)*sum(y3)-m*x2(n2)*y2(n2)-s;1m(x3.*y3)+y2(n2)*sum(x3))/(
2*x2(n2)*sum(x3)-sum(x3.*x3)-m*x2(n2)"2);
b3=y2(n2)-a3*x2(n2);
xx3=x2(n2):0.0001:x3(m);

yy3=a3*xx3+b3;

plot(xx3,yy3.'k");

hold off;

xlabel('Strain(%)");

ylabel('Stress(N)");

legend("E %8 i £, 3L & #1 £ ',4);
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function experiment=linear(point,data)
%tk BB 3 AR 4E dh 2% 4 Bt A point, B/ ZRESBREHEUSRAY
fe 3 £k 1 #h 2R datah — 4 f (R 50 3O9E
x1=data(1,1);yl=data(1,2);j=2;
while data(j,1)<=point(1)
x1=[x1,data(j,1)];
yl={yl,data(j,2)];
=it
end
nl=j-1;x2=x1(nl);y2=yl(nl);
while data(j,1)<=point(2)
x2=[x2,data(j,1)];
y2=[y2,data(j,2)];
=i+
end
n2=j-nl-1;x3=x2(n2);y3=y2(n2);
while data(j,1)<=20
x3=[x3,data(j,1)];
y3=[y3.data(j,2)];
i=ith ‘
end
plot(data(:,1),data(:,2),'k--");
axis([0 20 0 350]);
hold on;
m=j-nl-n2;
al=sum(x1.*yl)/sum(x1.*x1);
xx1=0:0.0001:x1(n1);
N1=length(xx1);
yyl=al*xxl1;
plot(xx1,yyl,'k');



M ®

yl(nl)=yy1(N1);
hold on;

a2=(x1(nl)*sum(y2)-n2*x1(n1)*yl(nl)-sum(x2.*y2)+yl(nl)*sum(x2))/

(2*x1(nl1)*sum(x2)-sum(x2.*x2)-n2*x1(n1)"2);

b2=y1(nl)-a2*x1(nl);

xx2=x1(n1):0.0001:x2(n2);
» yy2=a2*xx2+b2;

plot(xx2,yy2,'k');

N2=length(xx2);

y2(n2)=yy2(N2);

hold on

a3=(x2(n2)*sum(y3)-m*x2(n2)*y2(n2)-sum(x3.*y3)+y2(n2)*sum(x3))/(

2*x2(n2)*sum(x3)-sum(x3.*x3)-m*x2(n2)*2);
b3=y2(n2)-a3*x2(n2);
xx3=x2(n2):0.0001:x3(m);
yy’3=a3*xx3+b3;
plot(xx3,yy3,'k'");
hold off
xlabel('Strain(%)");
ylabel('Stress(N)');
legend('SE 1 M £ ','HL & H &k ',4);
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function theory=main()
global fx fy fz h1 h2 d1 d2 kf kw kyl ky2 k6 k7 11 12 temp;
kw=1108.4;kf=226.2544;k6=100;k7=100;d1=0.084;d2=0.088;h1=0.011
78;h2=0.00495;kf1=1100;kf2=241.134;
11=sqrt(h17°2+d172);12=sqrt(h2"2+d2"2);
i=1;x=[0 0 0];xx=[0 0 0];
for fy=0:1.5:70
fx=fy*d2/2*(1+x(1))*(1+x(2))*(h1-x(3))* (h2+x(3))/((d1"2* (1 +x(2))"2
+(h1-x(3)*2)*(d2/2*(1+x(1)*2+(h2+x(3))"2));
fz=fx;
fxx(i)=fx;
if x(2)<temp
[x,fval]=fsolve(@fun_cf1,[0;0;0]);
else
[x,fval]=fsolve(@fun_cf2,[-0.01;temp;0]);

end

ex(i)=100*x(1);ey(i)=100*x(2);

'mx(i)=fx;my(i)=5.8*fy;

i=i+1;
end
plot(ey,my,'k.");
hold on;
plot(ey,my,’k’);
hold on;
k=[1,1,3];string=' C:\Program Files\MATLAB71\work\% [ # \excel
15 &b ¥ \coated_fill.xls";
experiment (string,k);

%AARRBE R, KR HL
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xlabel('Strain(%)');
ylabel('Stress(N/em)');
hold off;

axis'([O 20 0 350]);

legend('Theoretical’,'Experiment');

function theory=experiment (string,k)
%ERFIEE: BAERHLK.
%string AR B BB FRER, KATEENINERZH
data=xlsread(string);
[m,n]=size(data);
=i
for i=1:n/2
if i==k(3)
data(:,2*j-1)=data(:,2*i-1)/k(1);
data(:,2*j)=data(:,2*i)/k(2);
plot(data(:,2*j-1),data(:,2*j),'k");
hold on;
=it
end
end-
xlabel('Deformation(cm)');
ylabel('Loading(N)");
axis([0 20 0 350]);
hold on;
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function F=fun_cfl(x)

%R A BHENENZBMTE-HEENHRE, xHHE,

BHEx(1),x(2),x(3): AHRRX. YRR NE, URZHALE. £F

FF@aASEE

global fx fy fz h1 h2 d1 d2 kw kf k6 k7 11 12 ;

F=[d2* (kw*(1+x(1))*(1-12/sqrt((h2+x(3))"2+d2"2* (1+x(1))"2))+2*kT*
x(1))/(2*d1)-fx;
d1*(kf*(1+x(2)*(1-11/sqrt((h1-x(3))"2+d 1°2*(1+x(2))*2))+2*k6* x( -
2))/(2*d2)-fy,
kw*(h2+x(3))*(1-12/sqrt((h2+x(3))"2+d2/2*(1+x(1))"*2))+kf*(h1-x(
IN*(-1+11/sqrt((h1-x(3))"2+d17°2*(1+x(2))*2))-fz;];

function F=fun_cf2(x)

%ERHINEE: BREAHENRXERTE S EENNRE, xAME,

BFE(1),x(2),x(3): FHERFX. YHENE, UARZHBEALE. £

e &HMAVIGE. '

global fx fy fz h1 h2 11 12 d1 d2 kw kfl kf2 k6 k7 Qy0;

F=[d2*(kw*(1+x(1))*(1-12/sqrt((h2+x(3))"2+d2/2* (1 +x(1))"2))+2*k7*
x(1))-fx;
d1*((1+efc)*kf1*(1-Qy0)+(1+x(2))*kf2*(1-11/(Qy0*sqrt((h1-x(3))"2
+d172*(1+x(2))*2)))+2*k6*x(2))-fy;
kw*(h2+x(3))*(1-12/sqrt((h2+x(3))"2+d2/2*(1+x(1))*2))-(h1-x(3))*
(-kf1*(1-Qy0)+kf2*(-1+11/(Qy0*sqrt((h1-x(3))"2+d 172*(1+x(2))"2)
M-fz;];
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function w_test=main(x,k)
%EHIAE: WRE: WATREKHAxK
% WAL E OHA:
% x=[0.69 0.75 0.68 0.76 0.66 0.67 0.74 0.73;2.55 2.66 2.84 2.76 2.59 2.62 2.72
2.70;);
% k=[1140.44 1104.20 1060.76 1118.12 1078.34 1132.53 1112.88 1065.82;257.35
263.40 265.35 261.24 264.18 264.02 258.26 264.44];
n=8£
a=[0.6052 0.3164 0.1743 0.0561];
W=[0000];
fori=1:2
x(i,:)y=sort(x(i,:));
k(i,:)=sort(k(i,:));
end
X
k
fori=1:2
for j=1:4
W(2*i-1)=W(2*i-1)+a()*(x(i,n+1+)-x(1,)));
W(2*)=W(2*i)+a()* (k(i,n+1-j)-k(i,));
end
W(2*i-1)=W(2*i-1)"2/sum((x(i,:)-mean(x(i,:)))."2);
W(Q2*1)=W(2*i)"2/sum((k(i,:)-mean(k(i,:))).2);
mean(k(i,:))

end
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