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ABSTRACT

This paper presents author ‘s investigation on the determi-—
nation of the limiting state of construction elements with
different kind of defects (notches, punctures, cracks, etc.).
In case of availability of notches or punctures, the method

of defining the limiting state is based on the joint use af
criteria of strength of continuum mechanics and mechanics of
fracture. For check of the above suggested method, the follo-—
wing two examples are considered : axial tension of orthotro-
pic strip with elliptical hole and tension of isotropic plate
with punched hole. In case of availability of defects similar
to that of cracks, the famous criteria of mechanics of fractu-—
re are used for the definition of limiting state, but fundamental
attention 1is paid to find the most unfavourable combination
and arrangement of loads. For illustration, the following prob-—
lem about axial tension of orthotropic plate with crack under
the action of additional system of local loads is considered.
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LIMITING STATE OF CONSTRUCTION ELEMENTS WEAKENED
OF DAMAGES UNSIMILAR TO THAT OF CRACKS

The problem of definition of limiting state of construction
»lements with defects like that of notches and punctures is
considered.

t'resently, there exists two basis methods (Panasjuk et al, 1988)
to define the limiting state of loaded bodies.From the position
af classical and new series of criteria of mechanics of conti-
nuous media the strength of the body is defined by the state

of stress of the material at that point. In agreement with the-—
4@ criteria, the limiting load for the body will correspond to
the case, 1n which the limiting state of the material will be
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achieved at all the pPoints of the dangerous section. From the

tg;n;o:f view of mechanics of fracture, the limiting state of
Y with crack is attained, when critical stresses exi t
even for small volume of the body. =
I?ig°;:§:em§:h0?s ( Tsay and Haﬁ,l978 ), describing the limi-
BFopawes o Plate made of laminated camposites with holes,
lying ac ce:t fracture occurs when tensional stress at point
Strenghh o taln‘dlstance from the boundary the hole attains
Cated moEhLd E?San of material without concetrator. The indi-
determinatios Tsay gnd Han, 1978 ) require the experimental
T matmny e N of critical measures of zone of limiting state
fing 1 oes Vléround the hole. Then for the evaluation of limi-—
v 1near mechanics of fracture is applied.

f?ggfs:::t:el?w 1S a new methad for the determination of cri-

Riraw o oo ot plate with damage. In this method critical mea-

o e ne of the»11m1t1ng state of material near the hole
mage) and Critical load are determined thearetically.

grsme:::n:e of_the suggested_method lies in the following.
ot ‘racturxpezlmental Qata, it is known that at the moment
e att:ia dplate with defect, the limiting stress state
o ey n: along the yhole weakened section. The zone
il underg s :tg of material d arises at the dangerous sec-—
naters oy | ce; ain load G . In this zone, structure of the
il inS»o seryed to be changed forming a crack. With the
Sm L1 tﬁ;ease in loaq, the_zqne of limiting state increa-
vl ) Crack attains critical length. Afterwords prac-—
a Y 1nstantaneous fracture of the plate is observed.

g:l::;i:°z¥ ﬁhe sontinuum mechanics help to define measures
€ 1n which limiti t : i
L Gad da Ecieciliriantio ng state of the materiad at given
::;fz;al measures of the zone of limiting state of the mate—
tianals ?ell as.the critical load at which the whole construc-—
element is separated in to parts should not be defined.

ﬁ::tfglzegf the mechgn?cs ofrfracture, on the other hand, per-

crmes st th:e Fhe critical dimension of the defect simular to

of the Vglveh load. Bgt they don‘t permit to define size
Z0ne in which material is situated in limiting state.

c i . . .
t:ncs’equfntly ln.Joxnt application of criteria of the me-—
S of mechanics of continuous media and the mechanics

1:115Anecessory to have formulas for determination of the
ghenclgal stresses alaong the dangerous section. Then using
se formulas and criterion of the strength of material S

.

of the continuum mechanics, can be found size of zone d of
limiting state of material. We get following relation

d=+(G ,5 ). (n

Using methods of the mechanics of fracture, the dependence of
the stress i1ntencity factor on the applied load can be found.
Then applying criterion g of the mechanics of fracture, the
critical length of defect d 1is found. Mathematical dependence
ot d on G and g can be presented analogous to formula (1):

d=4G ,a. 2

Critical load G, is defined with the joint solutions of equa-—
tion (1) and (2). When d = d,

f( G ,8 ) - f(G ,g) = 0. 3)
Due to mathematical complications, arising in obtaing the equa-
tion (3) in it’'s obvious form, the solution can preferably be
obtained using graphical methods, in majority of problems (Fig.
1). Here curve 1 1s relation between dimension of the zone of
limiting state of the material
around the defect and the exter-—
G nal load G ; and the curve 2 is
relation between critical length
of the radial crack d and G .
Abscissa of the point of inter-—
1 section of the two curves gives
critical dimension of the zone of
limiting state of material, and
2 ordinate is the value of load G ,
under which accurs complete rup-—
ture of element in parts.

————

2 4 Example 1. Consider the applica-—

¢ > tion on the suggested method for

Fig. 1. Graphical determina— the calculation of the limiting
tion of critical state of the orthotropic plate of
stress G = G, finite width with the elliptical

hole. X and y co—ordinate axis

normal to the plane of elastic symmetry. On sufficiently large

distance from concentrator, at the cross section of the plate

act distributed uniform tensile stresses of intensity G, =const.

For the criterion of the strength of continuous material crite-—
rion of statical fracture of materials is adopted with the ad-—-
dirtion on the condition of separation

Gy2>G,V G255, 4
where Gﬁ equivalent (desing) stresses; Cﬂ — ultimate
strength; 'Y — sign of logical summationj 6, - principal
stress; jc — resistance to direct pull.

Irvin’'s condition 1s used as the condition of fracture
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Ko = Koo (s)

where K, and K. - stress intensity factor (SIF) of Mode 1 and
it’s critical value in case of plane state of stress.

Further, in plotting curve 1 (Fig. 1), 1t’'s necessary to have
formulas for defining principal stresses 6' and C% acting at
the dangerous section. Approximation of the formulas for cz and

can be obtained from the known solution (Savin, 1968) abo-
ut axial tension of infinitely 1sotropic plate with elliptical
hole with the help of method of sections. Then using the formu-—
las obtained for G, and G, and criterion of strength (4) can be
obtained dependences of size of the zone of limiting state of
the material near the hole on the external load G% (curve 1
on Fig.1).

For plotting curve 2 (Fig.2), which is dependence of SIF on the
length of radial crack situated in the plate with hole (Fig.2).
Expression for SIF can be found on the basis of solution of
(Borodachev and Kulii, 1983) praoblem about the tension of strip
with central crack.Then, using expression obtained for SIF and
condition of strength (5), dependence 2 (Fig. 1) of critical
length of radial crack on G% 15 established.

For verification the correctness of the calculation in the me-—
thod suggested, the experimental data of the trials of fracture
due to tension of plane graphite fiber—epoxy composite speci-—
mens (thickness =2.7 mm, width =35 mm, diameter of a hole 2Q =
= 5—-14 mm) (Fig.3, dash line) were used. There are experimental
values (shaded region) on Fig. 3 too.

Theoretical curves f( Sc) and f(G, ) (Fig.3) are obtained by
using the criterion of the mechanics of fracture ( Kl = K¢
and two different criteria of continuum mechanics ( G,>3c

and G, ;(3& correspondingly). There theoretical curves gave
double—sided estimates of the parameters of the limiting state.
Maximum difference between theoretical and experimental data
did not exeed 12% in using the criterion of strength G285 .
In applying the criterion Cﬂ? >G, error is smaller. Yet if ari-—
thmetical mean value of stress is obtained from the criteria
5«9)6,, and G,a Sc s then the error of the method do not exeed S%.

Example 2. Let’'s see plate from D16AT (24 = 140 mm,2H = 400 mm,
¥ = 1.83 mm}G,‘ = 385 MPa,Gy,= 270 MPa, K.= 30.6 MPa-m% u = 0.3,
E = 0.71°-10° MPa) with through rupture (Fig.4).Required to find
limiting external load G% = G%c,at which fracture of plate will
be happened.

The through hole,arising from the impact of drift on the plate,
1s nearly circular in form. Surface of the contour of the hole
has a complicated microrel:ef. For simplication of the solution
of the problem, the damage zone is substituted by an elastic
ring, elastic characteristics of which correspond to the avera—
ge characteristics of the material in the deformed zone. To ve—
ri1fy the correctness of the suggested method to define the 1i-—
miting state,the plate from D16AT were tested.Using plates were
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Fig. 2. Plate with radial cracks, appearing on the contour of

i (shaded region) and theoretical (shaded

ig. . Experimental _
Fids 3 lizas) date of the critical stresges G, for the pla
tes with notches of different radius R = @ 3

Curve f(S5;) plotted by using criteria of strength S
and K.; curve £(G,) — from the use of G, and K,

punched by drift of mass m = 0.4-1.2 g and with the speed V =

1.0 and 1.5 km/s.

5, for ihe damaged plates,theoretical (shaged lines)
- (continuous lines) are given. Comparison of

ata in the considered examples in-—
e 15 od which defines

In the Fig.
and experimental

experimental and cal Sonsia
i s the effectiveness of the prppus -
:;sa:fmiting state of the constructional elements from the dif

ferent materials with defects.

INFLUENCE OF LOCAL LOADS ON LIMITING STATE OF
ELEMENTS WITH CRACKS

To evoluate strength construction elements with cracks i: ii—
necessary to know the place application of loads t:: most u
favourable from the point of these elements strength.

iwsential influence on distribution of stress renders luz:l ap—
ﬁltod loads, especially it is not far from cracks or another

stress concentrator, moreover anisotropy of material influences

on stress state too.

fo estimate the dependence of local loads application and ani-
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Fig. 4. Plate with dama
! ged zone of i

Fig. s, Dependence of critical stre::tez;ai & length 8_’ e
of the hole in the plate; ’ v 90 TR dlnater
l_and 2 are theoretical cur
rings ( § = 0.65 and 1.3 mm)
E!=0.47~10 MPa); 3 and 4 are
City of drift y = 1.5 and 1.0

ves for the thickness of
correspondingly,ﬂ«t 0.26,
experimental Curves (velo-
km/s correspondingly).

Sotropy of material i
X we will consider [a]
thotropic Plate with crack which occ L e manample of e

X axis. The elliptical hole, which was

Plane stress under th i
o e acti
ody forces X(x,y) and Y(x,y), which
surface o+f Crack. '

Especi i i
tupfﬁasin;tgﬁgtlfn in mechanics aof fracture Problems is payed
Cromd e e of stress 1nteqsity factor for elastic ortho-=
cament Dt as well as for isotropic. The stress and dis la—-
ate near the crack tip and limiting state can be za—

termined by mean .
S this ¢ i
PY definition of siF. 0 O° this problem can be limited

Accordi
i a:;ggt:o results of (Borodachev and Sh.vshenko, 1987) while
ary system Crack surface (x axis) the stress inten--

sSity factors can b
: r e determined for crack i
dinates using the expression : SR h tt carer=

1*x

C T (5R) x Jo fen - mne m) e g v . <o

1T 2 . Awq)Ix 1 2 Lﬁ[htqi)_abdqiy
Portxayd= — 20 -1 Sy BpOtyd= — 31 (-1) T B oy Bl "
c i=t *“+ qry € =1 > ray

2 2
Alq) = CZﬂqZ -5y, c = 25fClH(q2 - a; ).
where and further Clij(l,J=1.2,6” elastic constante, and Q4,Qp-—
positive roots of the equation a,,q’f—<2a,2+a66>q2 + Qyp= O.

The arbitrary body forces X,Y can be changed to the system of
concentrated forces Tt@=1,2,...,n)—parallel and Nj(i=1,2,...,m)—
normal to the x axis with the sufficiant degree of accuracy.
In this case expression (&) for determination of stress inten-—
ity factors may be written as :

I+

t n _ m _t
Ky = Z To Kpi e,y + ng Nj KNG OGayi), 7)

where T; and Nj i1s intensity of parallel and normal x axis of
cuncegﬁ{ated forces,respectively. Apart from that, K+t X7 5y;?
and KNJ (xj,y]) - stress intensity factors for corresponding
tips of crack from the action of unit forces at point, with
co-ordinates indicated in carresponding (narmal or parallel)
diractions.

— 3
Expression for factors KNJ (xj,yj) has next final form

_t + +
Knj oy 2=t + D)/QF (q,) + (1 - D)/Qj (qINZAT ,

% 2 W/
@j(Q) =(C[1+(1F Bj )z/qEHznnj-’m’Hz—u \/(Bj +q2Hf+1)? -48% 1572

2 . . - .
where D = e/ Qyta; - af ), Bj=x; /1, Hj-= vYj /1 .
Factors E;t are determined numerically by the use of quadratu-
re formula of Gauss (Abramovitz and Stegqun, 1979)

K

-—t

Kri g 5y ) = (at /\/J”LL'>Z:1 Wi Pogtzjo,
J=‘-

where Wj= 23005j/2k + 1), zj=ta +2G5j)H,
Cj=cos? t(lT/22(25 - H/QIT - 11 .

On example of essential anisotropic material graphite fiber -
@poxy composite consider using formula (7) for the calculation
of value SIF.

Results of calculation present 1n form of diagrams of dependen-—
ce relative value of stress intensity factors on co-ordinats

(b,h)-points of aplication of concentrated forces for case when
crack is parallel (normal) to diraction maximum rigidity of com-—
posite (Fig.6,Fig.7). Maximum values on diagrams show points of
application concentrated loads, which are the most untavourable
from the point view of strength of these elements with cracks.
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Fig. 6. Fy aAs a function of b/ s h71 and Ex/ Ey .
Fig. 7. Fo as a function of b/t » h/t  and Ex/ By .

Experimental research on fracture due to tension have been de-
veloped on graphite fiber-epoxy composite specimens (thickness
= 2.7 mm, width = 35 mm), with crack (21 = 14 mm) directed
along fibers Ex/Ey = 1S5. Experimental results in Fig. & for
two case of loading of tension concentrated forces give satis—
factory correlation with the numerical data.
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