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A SIMPLE APPROACH TO DETERMINATION OF STIFFNE?S
CHARACTERISTICS OF UNIDIRECTIONAL COMPOSITES ®®/42Q

"ae
Zhao,Jian-hua '
(University of Science and Technology of China)

1. INTRODUCTION

In the design of composite material laminated sheets, the
stiffness characteristics for a single layer sheet are indispens-
ible design materials. Usually a unidirectional laminated plate
sample is used to test for El’ E2, Vs (or V21)‘ One test is to
stretch uniformly along the direction of the grain. Another test is to
stretch uniformly along a direction perpendlcular to the direction
of the grain [1] (Figure la,b). There are many methods to test
G12. For example, it 1s measured by the off-axial stretching of a
unidirectional laminated plate along an angle 6° with respect to
the grain [1]-[3] (Figure 1lc). Some other methods frequentiy used
to measure 612 include trajectory shearing, unidirectional stretch-
ing of $U45° laminated plate, and twisting experiment of a thin
circular tube [1], [3], [(4]. However, the aforementioned methcdis
are either relatively more complicated to reallize technicaliy or
too costly in fabricatlion of the specimens, or require too many
specimens in type and quantity. Large numbers of characteristic
tests require a simple, economical and effective method. The sim-
plified approach provided in this paper only requires two types of
specimens and tests to determine the entire stiffness characteris-
tics El’ E2, Vio and 612’ One of them 1s the homcgeneous stretch-
ing of a unidirectional laminated plate specimen along its grain
direction (Figure 2a). The other is the unidirectional stretching /421
of the laminated plate specimen which is laid down symmetrlically at
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Figure 1 Fligure 2

an equal angle of inclination (Figure 2b). The longitudinal and
transverse strains at the center of the specimen are obtained
through a certain measuring technique (such as strain slices
adhered to both sides of the specimen in the center part). The
first type of specimen and experiment determine El and Vio directly.
with regard to the second specimen test, based on the longltudinal and transverse
strain values measured, as well as the El and V1o values already measured, it is

possible to determine E2 and‘G12 using the classical theory of laminated plates.

The test data of a carbon fiber reinforced epoxy conmpcesite
material was processed using the simplified approach presented.
The result shows that this simplifled approach is feasible. More-
over, 1t 1s simple, practiecal and economical.

2. BASIC THEORY

The composite material to be studied is limited to linearly
elastic materlials. Let us consider a laminated plate laid down
symmetrically at an equal angle of inclination (19558. The thick-
ness of each layer of plate is identical. According to classical
theory of laminated plates [1], the relation between the planar
internal force Nx’ N_, Nx of the laminated plate and the strain on

] y y
the plane &, ¢, 5 is

N_' A“ A” 0 1" 62
N, J’ A, An 0 l’ & ('1)
IV.. 0 0 AM/ . T::y

or
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when h is the thickness of the laminated plate, and
Qu = Qyyc05'0 + 2(Q,; + 2Q,,) sin0 cos?d + Qyusin'd
Q1= Qi+ Q.. = 4Q,) sin0 cos’0 + Q,; 3in'0 + costd)
622 = Qushl‘(’ +2 (Qu + ZQ“) Sinzo CO‘i,o + Qucﬂs‘o ( 3)
while
U 2 e EEw o d0E, -
QH = EI — Eﬂ’i_v Qﬂ = El - EIV}Z 023 = E| - E‘v:' Q‘i -Gl? (u)

Now, let us consilder two kinds of plate strip speclimens. One
is a unidirectional composite material laminated plate strip speci-
men and the other is a symmetrically laid equal angle of  inclination
laminated plate strip specimen. The shapes of the speclimens and
the directions of the stretching loads 26N are shown in Figure 2.
Through a certain measuring technique, the longitudinal (along the
stretching direction) and transverse (perpandicular to the stretch-
ing direction) strains on both sides 1n the center of the specimens
under the stretching load eh. & (for the first specimens) and

&, €& (for the second specimen) are measured.

Through the experimental data of the first specimen .. &,
and No, we can immediately determine

E.=N"/he}, - L 1) (5)
For the second speclmen test, if we let 5. =N*/hel, v 5 - eh/th
then because 1w =0, 1t is possible to obtain the following two
equations by using equation (2)
(-\j“ - 1'”.(\5.: . l‘.‘. (6)
Qy:- v, =0
Substituting the QiJ in (3) into (6), after rearranging the

order, we have
Quleas' = 1,,e08%0 <in‘ 01 + Q. 200820 $in’0 - v, (cos*0 1 sin0)) +
+Quisin'0 = v, sin*0 cos?® +Q,, (1 vy, ) dsin’Vcos?d |7 (7)



Q11(3in’0 cos’d ~ v,,8in*0) + Q,,C (cus'd + sin‘0) - 2v,,5in%0 cos'0) +
+Q4;(s5in’0 cos’d ~ v,8in‘0) - Qu (1 +v,,) dsin*0 cos’d = 0 (8)

(7) + (8), after rearranging, we have
RiQu+ +5£,,Q0,:+kQ. = E,

Here
ky, =cos'0~ v, 8in'd + (1-v,,)sin’0 cos’d
k= (1 -v,,) (cos*0 +sin'f) +2(1 - v,,)sin® Ocos’d
kiy =sin‘d - v, ,cos'd + (1 ~»,,)sin’0 cos’d

Notieing equation (4), finally, we can get

- Ey\(Es~ huEY
E,= E (hyvi, +kyy) + Eply (9)

Q66 is 612’ which can be calculated from equations (7) and (8).

Up to this moment, we can use the data obtalned in the two
aforementioned two specimen tests and equations (5) and (9), as
well as equations (7) and (8), to determine tre entire stiffness
characteristic parameters El’ E2, Vi and G12 of a unidirectional
composite material.

3. EXPERIMENTAL RESULTS AND COMPARISON

The application and effectiveness of this simplified measuring
method are explained through the processing of the experlimental data
of a carbon fiber reinforced epoxy composite materlal.

According to the usual measuring method, the specimens are as
shown in Figure 1. Here we used a :45° laminated plate specimen to
replace the off-axial stretching or other shear specimen a- shown
in Figure lc. The four stiffness characteristic paramet s are cal=-
culated from the following equations

N. 0
Ei=ta, Clohr
~ N . N
Ey= 4o Gri= (e 0

1
where N' and €5 are the load and strain of the specimen in Figure
1b along the direction of the added load.

/422



OO;?IGINAL PAGE
PooRr QuaLty
According to the simplified method, all the specimens are as
shown in Figure 2. Here, 6 = t45°, The four stiffness character-
istic parameters are calculated according to the following formula:

" o0
E El(zEl—El(l-v:y)J G E.

12 @it DA-r)E + 2B, IR ETm]

Specimen material: Carbon fiber reinforced epoxy. The com-
position materials are carbon fiber (Liao Yuan) and 648 epoxy
(Shanghai Resin Factory). Fiber volume ratio Vo = 0.60. Thermal
press molding technology (155° %5°C, 1 hour, pressure 5 kg/cmz).

specimen dimensions: 220 mm x 25 mm x 4 mm

number of layers : 24 layers (n = 12)

experimental data and its processing:

I. Uniform stretching specimen along the fiber direction

(cross=-sectional area 2.482 x 0.472 cmz)

Ne/h (kq/anz) £0(10°6 25, (10°9) ‘ E:(lO"kg/cmz) | " 423
e | wse | cims | e T oo
ﬁ 855 UM_9?-.5-»" o ~270 o 9.1 . » -ﬂ. ”'? B
1280 *——;.580 o - 405 0. 28 0.291
e | wene | s | e 0.0
average o T e | oo

IT. Uniform stretching specimen perpendicular to the fiber
direction (cross-sectional area 2.50 x 0.416 cm2)

Nthgﬂmf} £ (1078 ) Fﬂmfkgﬂmg) -
REYRE -%ﬁ T a0t
E T O
T ) T o ” . TUR i, 900,
T 96.2 S - 1090 fl, RR?
T “;"éraﬁ.- T o - 0. 899
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III. Unidirectional stretching :45° laminated plate strip specinen
(cross-sectional area 2.496 x 0.438 cmz)

o .

N*/h kg/cm®) %108 €e(10 9 l-.‘_.(lo"-kq/u\\z) .
45.9 319 -253 1.1 0.701

91.8 638 - 472 1. 13 0.721

138 957 - 695 1.1 0.720

184 1276 - 902 ! 1. ‘ 0.707
average { 113 0.73¢

Comparison of stiffness characteristic parameters measured by
the usual and simplified methods

"k (kg/an®)  Fs (kg/cm®) { e kg/eme | v

\18“&1 method J 0,26 # 105 ! 0. 19 < 1o" N4t oty
simnlified method 026 1o YRR I ‘ IRITR S EEE
4. CONCLUSIONS AND DISCUSSION b2y

(1) The simplified method was used to measure the entire stiff-
ness characteristic parameters of a carbon fiber reinforced epoxy
unidirectional composite material. Comparing the results measured

using the commonly used methods indicates that thils simplified test
method 1is feasible.

(2) The specimen material and the testing work load of the
simplified method are one-third less than those of the commonly
used methods. Furthermore, all tests involve the unidirectional
stretching of plate sirip specimens. It 1s relatively easler to
realize technologically in the experiment. Therefore, it 1s a
simple, practlcal..and.economlical test method.

(3) The theoretical basis of this simplified method is the
cl issical theory of laminated plates. This theory considers that
r.=y,=9, =0, It 18 equivalent to neglecting the stress between



layers. However, for a symmetrically laid laminated plate at an
arbitrary angle of inclination, usually its distortion does not
obey the above assumption even when the plate thickness is rela-
ively thin and under a unidirectional uniform stretch. That means
there will be a normal stress o, and shear stress r.. n.. bhetween
the layers. Hence, when applying the classical theory for laminated
plates, we must notice this point. References [1], [5], [6] and
[7] have discussed stresses between layere. Both three-dimensional
elastlic approximation analysis and experiment proved that stress
between layers mainly occurs in the free boundary region. Moreover,
the maximum 1s reached at the free boundary. This type of edge
effect occurs within the dimensional range approximately equal to
the thickness h of the laminated plate. 1In regions far away from
the free boundary, i1t still can be considered that stress between
layers 1s zero. That means the classical theory of laminated plates
st1ll applies. When measuring the stiffness characteristic para-
meters using the simplified method, 1t 1s required that the width
26 of the [+6°] . laminated plate strip must satisfy 2/h > 4.
(4) In the description of the basic principle, it 18 required

that the stress state at the center of the specimen should be

0,=0y U,=7,=0, In order to ensure that such a stress state 1s
realized, the length to width ratio of the specimen should be
selected to be slightly larger.
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