Selected Papers from the Internattonal Conference on

"Comp051tes for 21 st Centu-ry Current & Future Trends 201 1"

Edlted by
Dattaguru B, Gopalakrlshnan S & Balasubramamam R




Departmernit of
PO B

- nteriaming
yeovided fo o

‘f‘f,)f’,i ing the

HN :?!iti’:’é”’h al "HVi EXPL

Keywords: Compuosite laiinares, délapination

introduciion

Laminated
¢ very hig
They huve ire
siaterials

s
SRINTEEH
2

CE‘J‘.E’ {and sty

SEOIMOEYS &

EEM.% am <

g (SR SN
' vig d fie
goment. |

oW that as erack is

LRI

materials is
ween the layers, the de-

e inminaied composites
propagation. 8 wncd
ois of stitching on
sss of uniweave textile com-
e cantilever beam setop
specimens and the Um*'l’r«ity
act (L
itching on sublunip
wwed that stitching |
& VRS 2;§"d CA]
hing does not hrease

slamina
sosites F -4l
o test fow des
of Flogida (%

TRANSLAMINAR REINFORCEMENTS IN FIBER COMPOSIT!

1, inteviomingr fraci

MG Song and BV, Sankar
echanical and Aeros
. 116250, University of Florida
Gainesville, F1. 32611,

Email : sankar@ufledu

:Engineering

J5 A

Absiract

i s vy
AELRKETE T

ive rei
")'e (.f'ezirz’ir.'ie sl as :‘.if..’s:i;e_f f:(}gz,{:f' fewd to

i

@ srirching, s-pinning

the vm esé the hmpagt event. Chen et all {5+ eloped

2 wures aud methods i'\ fast con *aszézx L
j uui«;{, Cony
% beeause the specing
oke and delaminatio
;—a:«g; ¢

as could prop '*'z%:e.'

tehied spechinens wi

ods fo sttudy

DOE DY S

; swere develo
1 110, Sankar and Zhe
of com §3€3'\‘§ig §.r§"i,2}a§
claminafi

atton

o i model o

1 ii cuenily

Soug et al, 112 %w dev ciui,ofi an oam
z-pinned
finite ele
Inading

Walluce

s, They verified their m

v Analyacal madel tor mised mode
et al.
d«“,armwi;on w.“;;*, res *310,1 n sandwi
hesirain mie ¢

f
1ty boen
a2 composies w ander-

e veinforeemnents

s touls,




2 IoU R\’AL OF, ‘&FRO‘;PA{ E SCIENCES & TECHNOLOGIES VOL.65. No.i

derstand the effectiveness of TLR in laminated composite
struciures.

Analytical .&ppr{)‘aéh _

Apatytical approach for Mode 1 delamination of com-
noaéim with translaminar reinforeements is hased on the
idea that the bridging zone developed dufi ng delamination
can be mathematically represented as distributed fraction
acting on a beam of plate-iike strucfure as shownin Fig.i.
Distributed raction is sctually the smeared force ex {
by the refaforcements. The bridging force during delami-
nation depends on type of translaminar reinforcement
since failire mechanisms are different in differ i»pe
of reinforcements. Fiber breakage after stretehing is the
main mechanism o stitching while ;mii%}r&t is the pre-
dor-xinaﬁf mechanism in z-pined comp . The mechu-
wms ate much more complicated in woved e Apuutcx
,md 1150 when the Jaminate is sub wicd & mixed-mode
fracture. Usually colesive clements are usod 10 fepresent
the tapsluninar reinforesments. For exarnm ﬂxe {oad-
displacement behavior of the renforcoments in stitched
ng z-pinned composites is depicted in Fig.2, In {he case
of stitehin g Fig2a) the force-displacement seldtion is
asstned as linear and the Tailure s sssumed to'be of brittle
ype. 1o the case of z-pins, the force is maximum ) in
the beginning, ¢
of 1.i?(, COF

Stiteh Model

For stitched laminaied composites, shear defor-
mable beam theory was employed by Sankar and
Pharmapurd [10]. "ihe §'mm e was m(}ﬁe‘iad asa can-
filever beamon e dation con-

stant & defined

(L

In the above equation A 15 the area of oross section o

the stiteh yarn, £, is Young’s moedalus of the stitch mate-

ity in number of stiches per unit
¢ governing cquations for the beam rotation

ally reduces as the pin pulls out

- kbw = { {3}

where £ and GA are-equivalent floxucal rigidity and
shear rigidity of the laninate and & is the width,
larinate in the y-direction. Solutions forEq. (2) and

R

i~q {3 can be assumed as

fransverse

ywivy= S ge' " (4
N PAV I

i=1

4

- A ox .
Wiy} = > b e {33

1 14 and Bq.(5) can be obtatned
om four boundary conditions such that

6

X

%wwm. Also, anuther crite-
;1 fmz onset should be -"m\\,}&a;d (o}

A
| )
(I

on, We s
_umu\ and express it as

apparent frac-

~

R & O

s N}
fi L

TUCIUT tot 1"&““0\* i

aess anpd strengih or




FERRUARY 2013 TRANSLA

sltimaw strain of ¢, of the stitch material. According to

Sankar et al, [10] bridging length decreases when inherent
fructure toughness ingreases and increased sttength of the
stitch yarn results in larger bridging length. fn addition to
am‘aarcznt fracture toughness, the bridging length should
alsobe considered in the design of translaminar reinforce-
ments, The u(pm»»ron For bridging zone length ¢ in
stitched composites inder Mode T loading is given by:

where £, 1s the : ultimate tensile strain of the stitch material

and th@ nondin’xe-'a's%.(mal Mode I fracture toughness of me

i 'en'b\; G, = G;(. 7E, k. The equivalent

hom hg flex ,,;_.;zé stx_ifﬁms Ei of

For z-pinned. ¢
was chowﬁ 2.8, {I“-
z-pinned one-dimen
noullt beam thfs‘()r;

ftes even more simple method
- The governing equation Tor a
siong H‘A dpuie b.zxv on Buler-Bes-

¢ oihe
3 by’ P = NE, where Nis mcy pm tie s% y. nuniber
per unitased. For simplicity, Eq. (10 e
in a non-dis numuml form os:

of Pt
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where & = 4~2p, . coeffivients in the solution for

Eq.11) cun be obtained with boundary conditions as
follows @

POy =W 0<w, €12 }

Also the bridgine length ¢ cah b determinied from
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veneral, selutions of above equations can be ob-
ough iterative procedure. According to results
appwent fracture todghoess bas lingar celationship with
inherent fracture toughuess and maximem [rictional force
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Based on the above resulis appan eat fracture i
ivihe suma‘-l inherent fracture oughnes S
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Nunerical and Experimental Approaches

m reality, translaminar reinforcements are diserete
reinforcemenis. As a verification ool of our analviical
solittion o direct comparison with experimental .bSUh
finite clement simulations ave widely used. Two-dimen-
stonal unalysis using plane beam clement [21-221 and 3D
analysis.usivg solid or shell clement {231 were performed
by provious veseardhes. Most FEM zmalys;ﬁs were Tocused
on modeling. of crack propugation and damage of
transfaminar csinforcoment. Visteal Crack Closurs Teck-
nigue (VL waral based on fracture mechanics
and cat *(\(lﬂ Mwé on damage mechanics are
aduptec reas nonlinear spring
2 é %-:}‘s‘ t 'n“}w vinar reinforce-

ment,

Progressive Delamination Using Cohesive Element

foalate progressive delamination in trans-
g composites cohesive element of which
. are o i dgim; o CHIVE 1S Sme as inhe fracture.
ocheek
°B speci-
vt was conducted {12,

i

fruction-sepad-
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Experimental Methods

Tradigonally DCB: and L‘:.\l}* speotinens huve been
used 10 measure the Mode T and Mode [ Imeture tough-
ss of translamingr reinforped specimons. Ra:ciu gmi
Crews [25}1 developed 3 fixteie 1o measure fract
ness under mixed-mod feconditions. The key ir;.; UG
fixture is that the mode mi if;\f re’m;iszs
crack propagates. Recent
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