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A study on simplified fatigue design methodology for composite structures
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ABSTRACT

A simplified methodology is presented to predict fatigue life and residual strength of composite structures.
To avoid excessive amount of tests that are required for model characterization, strength degradation
parameter is assumed as function of fatigue life. S-N curve is used to extract fatigue life that is required to
characterize the stress levels comprising a randomly-ordered load spectrum. And different stress ratios are
handled with Goodman correction approach(fatigue envelope). It is assumed that the residual strength is a
function of the number of loading cycles and applied fatigue stress amplitude. And the residual strength
distribution after an arbitrary load cycles is represented by two parameter Weibull functions.

MakAl el gk WEeys dHAES sy A% destd e Avlsidch 2
o) HAeE sl dagh Adg Foly] fste] ZEASH detvEsE dRee] grR
sl Qlelel sAE widd sl AfERA SEFE BE HJRFHE FEEVS
d sN AEEZE AREsilth awlan Atold 3 Bl(stress ratio)ol] thek A FE 51eahv]Qlal
Goodman 429 ¥H(fatigue envelope)d AF&3tch AFHAEE 35 Alold g9 FEE9
ghenl MRS o dojo agAleld Feo] dHAEEEE 2 BT Weibull 2XF X8R
=3

=y o aER Jdurez SgAs yrEe 44
ACRE 5) ; sl WHos vzeys grist e &
= & ul el . ~

Bfm iAol e Weibullshape SRUIEl gy Dz vl A9 wge A e

Ry  A4xol o3t Weibull scale 3}2}v] E A Z P }
Ry Qele] HEAlo)Z o) pzbmol gt o e o AEAE L S o wel 7
. - . v B v 2ol 7|AH EXo 2} x k= li=] & AFE R o]
Weibull scale 3}e}v} g imlo ]741;— ]—- d o] %} 171] ]—~§; 7 \_] 21l

. L o = 37 = oy A5

R % & H)(stress ratio) IR 087 HEg 07}01]‘__ Joigt 9ol
S,  SYXZolA gk Hojg Y Q7Ed. wepA vjad He AdPARE o] &s)
v 4w s shein]E of FxEe HAPEY A2FAL 5T F 2
T FEEs Wyl 7Y, B =iddie @
1. M & AgEQ By F AEI|NRDL o)fste Pz
2o IRAEE Yrteke ok AmAs mHlE
Hobajme]l 49 e wEgen Qste 3 F2EY IFAEE A2FHG FeAs e
vjdulbdel Wg olggt AR5y Grizk ofy  EE dER bS] Akttt aEs B3

-75-



TFrRE H2irdn FEAE
Aarateiel @r(1]. & =eld s Rotem
ok sl fatigue envelope o] AYL o]Lale &
2atelo] whe v 2Eg st @izl 3w
Al slelriEs shEAlolE
ste wdsie D“’/“lﬂf\ri
el AAEE ghololh, Franke[5]
S & Ao 7RG
£ o] 4 9} ; _1]— SR =1
Mwhmood[6j
0].9. },011

et o L]‘
TR e oot
A9 N cﬂ o]
o] vz

Fagel 98

shelulel g LA
O 7 ,‘Er_—_
o] %

ol ulE Zwo] A
\5

gl §2
5
‘)

olo

:L;\]. Z o] uol- A

&

7o‘ *é 7|8k 5 d(stiffness-
5 dl(strength-based model)
gaaie B4 74] 2

z—!o}

B3 FxEe

2 e
o) gew Ansied,
N7 ojele el o
2o Aol 3o
Hol dejZErct 27
the QwEel BEzng
of 588717 el &
2o IRAEE A
b8t

ﬁ]- &

o £

AR, S, T Peak 589 371 2
Frz sl getulel otk dx BgAso
FdEe Ao ~§7}o}7l $16H*% b
|57 el ol A 2]

siof aheh.

f<l' fr

ha1l

O

-

21X PATEE A2FGAL
AWg olgatel WRaFe v B IR

HEE AN AdAE el sEy

ANzFR e Asdslor G Ao FEAEe

HZAFL SN AX2 Goodman &2 9

o] 85l Mdudy Axs HE ool LE
oM AE7} dEHE AlelE FE 0% HES
7VA 31 Absial, FAE HESE e ks Ad
g gy A A4 dxE T &
F oA e dgckao] vlzng dzmaq A
A AL SEAbElO] ek a1l v B asith. Rotem
& ANAA=Ze dEHTe HFae cross over
+¥g s, HAsyEy FEE o]l
HEREE AAee) aeli 887l R, A SN
Mx o] F & s, 3 5,2 o]&ste] &7} R,
ol A99 SHNMZE ofee} ol Al 5]‘3] ghok
SNAE7) ()Ao=s FdEEH

S=S,N¥ (2)

Sy = SouN |K'I
S, = 'SonNzKl|

(3)

S Sy 7 o] &3lo] 2](4)

2 BT},

S, =
" ( [ Rl\)/S +(1 ) (SOHIOI\”)
I"Rll
(RIZ - Rll )/ S:l + (1 - R/Z)/(SOII ]O()K” )

ool SV AZE 2GR

4

Sp =

hva
X

A= gn] R
d "o},
Q=6logS12 —logs$,,

5
K,y =log(S\,)-0
S, =109

(5)

22 A3 fddug Fruy
AEAS sehlee Azsh $2du
ZAAHE goz oj2Hel j}@ Bg9 wzeg

o vazE 24 T
BeAs e
] oAl BlFALO] Eo
< AAg. Oﬂ% Zol v > 1 9
2do} Ha = (A&7 EAs2a
Q’.{\_—JE} 83l vy << 1

5,
(U
L
=
ol
ki o

HeaE sazao
E4%e Adste (Dol o8 Aaad,



ogsate] el AR g FEFEolA A
o selvle] grosss qlefe] g9 1 Foale] 7
Lo AlEbeky A cket —’r‘- S ECCIIRaE N
R R S R o R [ ) A R o
vhuless b slof gkl

Schafff 1]+> i

Ask steiles

oz

P gl 0] 4l

alglar it 7} A sk o) o, Sl ol
v,=0,xC +C, (6)
Subramanyan[S]< AEZ A& dopvje]E S E
of ghe s 7balsheluy.
o, -0
W, =i Zd (7)
o, ~0y
CRR o B U e R |

S o= Ul endurance limit)oll A 9] S
ij.] x] éﬁ. n] L’}—
Haﬁhm[S]ﬁ‘ YA 8}

shebulE e g o)

RS ETY
(N, /N
v, :M'_.ﬁ (8)
log(N,/N,)
N g ge) SR eelan N B
ol SE¥%e] wgsd N, = ekl

SR 4ol o),

Manson[S] -
] -Fr’—*’F W3 curve fitting parameter(m)2] 3
i wEs o

bR SRRl Bl o

=11

=l
=5

et

NoDosl dlE) SRl
A lﬂaﬂ LHEAEo] ¥
T me] g2 oF 03~05 L9 gho] B}
(7 - 9HH= F 717 :
l:‘d"o” ‘-H?’ 7}
o 01 o) } K

2 %
sb2] 9lsl A P%ﬂr

ZHAH 1. F kR SESEoA WA g
(o, Nl st AL 750 53 94

s ko7 ARete] A4

7t 2. AEE Skl deolxl A st vpejo)
H gkt 7 2dste Re® o, 3 N, 2 om

s

9l PG ol gatel aiael
& olgatel 7 ZuAsh wejulEE o] deko] 9]
el e s sehile e )

4 2(-))

Al

e
‘\

o} 9
2hakod eh(Fig. 1),
3.0+
17— Manson
— — Hashin
& 204 _ Subramanyan P
g ] —— — Schaff _
© .
§ [ Exprerr|rnent[1]r
& 10
S
g 1 =
@ s
8 004 L,/
£ -
I B
5904 /.,
| 4
20 e e O

0 0.1 0.2 03 0.
Normalized Stress Amplititude {c,/R,)
Fig.! Comparison of experiments with strength
degradation models

Fig.l oM o, & $Hx%ola, R, = 7% o
r} 7M:;<10} }a] N ElE HelFoeg 0.0 o 2

Manson o] Hdlo] 7}%F A 747;);"
AEA S AehueE g9

! =0
o] @48 A5l A$ End dig o 2
& = AT AEAS delrlg g g
FFE s 3¢ SUAEY S 2
a9 nR 4 gJory BuAs dejv|es
o ] "

Aol et

23 AHFAE A
MY L5 299 Manson o ZEA s 2w
o] gkl HgA FEREo JIFHLEE Atst
o] Bl@&% Tl 1o A Block Number & 7} <8
FTEAM AZFH] 1%E 9n Fu} 74]"‘1'01] A}
B3 BHAE Glasslepoxy & A A E(R,)E 464 MPa
ojth. Fig.2 oAl BXZo] Mg ZrAslale) o
FR AEH7E Y wa BrYojx @

O =2 Z1i. 210 A
T_‘Z%‘T”}'ET_Z\‘E%_FQJ\

Jlo

ki
\l;o
£
N

24 HEGE AR
WHOE Mol Frue W2ERD 457
=2 A4 gE&goz vrlu ®ioh Ayl «l
g @oll s zega A7 LEit Welbull HxE L}
A -r weibull ¥
]

Uy 5
=
rir
P
o
u

122

S
Z
o
ol
L
2

1)
o U
{o

o0
on
o}

>
=
o7
il
—{q

o3

P AR



na

| B g 7_ o aunl
I[R(;x)SAS/)J_l exp

o714 Bn)& 9|
2o

Fig.3

u] gl

Residual Strength (MPa)

1(10) 22 vebd 5 ot

Bf(n)

Sp (10)

53 Aolg + %9

H

9l
o]

Shape d}e}n]E o),
= =] = 37l & Q.
3 2 stEAtelE ol Wi SdEgEE 9
480]
. Stressrﬁ.{r-v;mzuéé =241 MPa
: | Stress Ratio =0.0 :
440 o Simplified Mode! |
- HnearModel |
400 —
N
360 — SN
N \x
. \‘
320 AN
\‘\‘\
280 4T T T T
0 10 20 30 40 50 60 70 80 90

Block Number

Fig. 2 Residual strength vs. Loading Block Number
(Stress Amplitude = 241 MPa)

Probability of Failure

0,87
RM=241MPa
0.6 — - Prediction ;
0.4 -
0.2 ~ '
L s R A S Y A S A B
0 20 40 60 80 100 120

Block Number

Fig.3 Probability of failure vs. block number
(Stress Amplitude = 241 MPa, Stress Ratio = 0.0)

-78-

3. & E
2 wmEelA= g gdeid B3k s
o] FRAES 9= —’F“gt% otk 4 v wWile
ARSI ot 4 4uAs Aele] wag
AP Aot vlagk 23 Manson ¢ Hdlo] 7}
2 2848 B =9 25y iE PH43
ol ofgke 518517] H4| fatigue envelope 2} 7
We olgsld ool gauaxe] Nmrue
| 2betiTh Aldbel RERSFE ol fate] o9
Atolg Fo HAlge #HHA=S dHEdE &
X2 AN B dFeMdes 29 steulEl
a7 A% AEe Hasstzl st FEA s
selelel & I 2eHe] gR b ste] Addge
4 FHEte BxE dessty okl A
gk AgE A Adol tig vuE FAElen

EHE B2 APE Foto] FFHolof gt
gnes

(1) Schaff, J. R., B. D. Davidson, "Life Prediction
Methodology for Composite Structures. Part -
Constant Amplitude and Two-Stress Level Fatigue,”
Journal of Composite Materials, Vol. 31, 1997, pp. 128-
157.

(2) Schaff, J. R., B. D. Davidson, "Life Prediction
Methodology for Composite Structures. Part II -

Spectrum Fatigue,” Journal of Composite Materials, Vol.
31, 1997, pp.158-181.

(3) Rotem, A., “ The Fatigue Behavior of Composite

Laminates under Various Mean Stresses,” Composites
Structures, Vol. 17, 1991, pp. 113-126.

(4) Rotem, A., “ Tensile and Compressive Failure
Modes of Laminated Composites Loads by Fatigue with
Different Mean Stress," Journal of Composites
Technology and Research, Vol. 12, 1990, pp. 201-208.

(5) Franke, L., Dierkes, G., "A non-linear fatigue damage
rule with an exponent based on a crack growth boundary
condition," International Journal of Fatigue, Vol. 21,
1999, pp. 761-767.

(6) Mahmood M. Shokrieh, Larry B. Lessard,
"Multiaxial fatigue behaviour of unidirectional plies
based on uniaxial fatigue experiments," International
Journal of Fatigue, Vol. 19, 1997, pp. 201-207.



