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THE INFLUENCE OF OPEN PROFILES
WARPINGS UPON KINETICS OF
CRACKS DEVELOPMENT IN THEM

I'l. RYBAK

T'ernopil Instrument-Making Institute,
%6, Ruska St., 282001 Ternopil, Ukraine

Por thinwalled bar constructions consis
wlements of different channels,bar
types, the main fractures are those whic
ptresses.The main calculative characteristioc
intensity factor (SIF) of normal break £ .In
sreat importance  of  this  problem n@%adays
determining of SIF in the above-mentioned
e not available in modern Iiterature.iow
very frequently uged in designing
basi arry-systems, particulanrl;
wricultural es.1n  the paper Rybak, (
tLtempt to dets 3 basis of approxima
ileulative dependences for SIF in the o 534
‘nannel besam with sdge crack was made. paper
the general ideas of this problem.The main task there
in OIF, taking into account the influence of addition

from the warpings of elements of an open profile

e

LlE.

tg take thinwalled

ch is characterized
(Fig.1):H~-channel's height;b-chel;
-average thickness of a =she i
crack with length L=b+<€ which starts on a shelf's edge.le
intermine SIF at the crack's tip ir the bar is loaded by
bend torsion bimoment Bu.

cf ot

Y Fig.1 .Standard beam's oro
8 channel profiles with
| x
4 —
) /V »
% i - : mod
| sxamine the plate of the same thick
| | d and width O with the edge crack wi
N , same force load.As siress in the
{=bs under the influence of bimoments
distributed according to the
VA
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they can bhe r'epresented g
5y« S a co
Fig.2.).By analogy with the
oroper solutions of SIF‘equat

-in the case of tension:
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‘wmpletely correspond to the real picture of nominal stresses
i the supporting cross-section of the crackted shelf. In its
Liurn the task is to determination the stress-strained state in
Lhe net cross section of the bar (hatched part in fig.1),which
L2 asymetrical channel with the lower shelf length

A _T—Fu 1 3
; U—t=0D* (1 —-E ).

Analyses__ of  Redistribution of Nominal Stresses in
TG e e e e T —— = e = = T

‘ross-Seotlons Weakend by  Crack.Nominal stresses 1in  the
thinwall e d b ars while being loaded by bend-torsion

bimoments,are changed according to sector-area law and are
{escribed by the dependence

0 =B ~w/I (6)

w w w

vhere Jw — sector moment of nrnss—santisn inertia - mantop
oerAIna e P efialie podnl lo piaciig e pole in the centre
oI the bend,and the starting point (beginning of count )—in
the main sector point.Thus,detection of normal stress
distribution,appearing in the channel netto ocross-sections is
based, Tfirst of all, on the determination of sector

peometrical characteristics of this cross—-section.To solve

this problem let's use arbitary integration epure method.For
this purpose,draw arbitary epures of linear and sector
coordinates of given ocross-section in such a way,as to
simplify and decrease to the maximum the quantity of
caleulations while being integrated.

lwt's calculate integrals on all the area of cross—section
(I'ig.1) from the squares of epures and their derivatives,
taken in pairs:

[22dr=0"x1/3+03x1/3 ; JYZdP=H<d/3+H3x «t
B P

EEAP=Dt+H-Atb <t [ExydP=-bZ<Hx1/2
F

F

fozdF=b3x5/2+Ofxt/2; fyxzdF:—HZxd/Z—be,»t (7)
7 P

) VW dP=-Hxb2« t /2 :foAwodF=bfaH*t/3

- AFP=HxbZxt /2 . 2ap_ g2 13
ngwaaLmH b, v/é fﬁpﬂOdF_H b1 t/3

Let's mark through a and a the coordinates of  the bending's
1 d ©

&
centre  in the seléocte Yystem of ocoordinates and also

take  the value
B=a T, X (8)
where Xn,yo)—the co-ordinates of the main sector point.

I'o caloulate the necessary parametres ax,au,ﬁ »taking into
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account (7) and after the transfc ic =
St algebraio mauation: € sformations,we'll get the system

Z‘b*(1+§3)xay+3xHxEZ,az+3,(1+EE)KB:_2‘D_HKE3

—3x 2)( x 2‘;( —2xHx
3xD xtxE a, 2xH (H~d+3‘bxtx§)xaz—(3xde+6xtxbnE)~6=
=3xbZxfxtxt? (9)
OX 2i x x x o)
3xbxt QA +HxAxQ_+ (3<Hxd+6xDxt ) xB=0
where £=1-g.
Solving the system of equations (3),we'1ll determine
a = x ff x 2 = = =
AR a a0 bt 4 (10)
wher? 4, A7,.A2, A3 the determinants of the 3d order.
OUpéning and simplifying these formulas,we'll get:
A=—6x82x(S7+Sz)—6xS7x(4x82+3x81)x§—18x81~82x§2—6XS2x

x <82+4"S’ );(63_6)(81)( (SE+3)(SY )XE‘I :

A = x > x x ! A

; 9 ij82+6 82 (SZ+4 Sy)“5+b’s,“(52+3XS,)x§2 : (11)
A2=9"Sr" (S’+2"SZ)+18XS,XS‘2x g+9;«sfx gZ ;
AB:—6XS;uST—1pygtuq_v;_QuQE,:Z
vhere S =i+b; 5 -ixd - Lhe squares of the channel's shelf and

wall.

The relations (10) and (11) det i
r ermine the co-ordi
bending's centre and zero sectorial point for %ﬁ:teihgine;FS

netto cross-section.It's necess i i
£=0,there is no crack) it f;;§;3§¥ sdmit,that it £~1 (that is
a =-H/2 : A =-3x x 3 . %)
v 2 ¥ a =-3 S, b/(52+6x87), p=—Hxa$/2 (12)

that completely coincide with ti
ne o i epende
for an equal shelved channel Bychk;g?fggg?ndlng Aependences

To determine the the sectorial moment of channel's inertia

use the formula: we

Iw=ay;fxwadF—az;fyxwodF+§fzxmodF;ﬁung (1

By substituting into (13

- the above-menticned 3
integrals and parameters a enticned v

,Gy,ﬁ we'll get:

M
bt
£
4]
)
o

)
z
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- 3)( Zx x ‘3;\ 2x < ( x x x x x x
I =-b7xH3xtxE [1_ S x (S, +5,)+3x8  x (35, +4x8,,) g]/é 4 (14)

Epure of the main seotor so-ordinates is desoribed by the
relation: )

wzuyxx—az»y+ﬁ+wo (15)
that within the limits of shelf netto oross-section of the
channel (y=-H; 0<xgbx§) gives:

w=[xxyn(A1K52+A)+6xyxgga(A7+A3)]/A (16)
By substituting (14) and (16) into (6) we'll determine the

distribution of normal stress in the netto cross-section
which is under consideraticn:

—‘—’K x x ( x 2 _A’Ei 3)( X x 3

o, =678, [x (4, =E2+4)+6nE (A2+A3)]/b Hxtxg7x .
o [1255 0 (8,45,)4828 x (35 +4x5) €]

Let's distribute this linear epure  of stresses into

constituents which correspond to the tension and pure
bending.For this purpose we determine the nominal stresses
the crack tip (point 1;Xﬂb1=bxi) and in the angle traverse
point of a wall and a shelf’'of the channel (point 2;X=0).After
the calculations we get:

oF&Bw,[Q‘SZA(31+52>+s,.(4&32&3_87).§+s,xsz.vg2]/
iggx[4152K(Sr+SZ)+S,*(4*52+3‘S1)‘5] (18)
& ]/anxS,*E‘

E

x[4~s1 (S,+5 )45 « (3x8,+4x3 g]

/HxHx ;

‘——)( » K’ x—. .ﬁ "K" 3
=5 Bm [S, (3 b1+4\b2)+a b,xb

It's obvious,that the nominal stresses from pure bending 0;2%

and tension O(i;%re expressed through the received values

by the relation relation:

®)_(g. - o . glt) /o
O om=(0} 0,072 5 onom‘(o,+02),a (19)
So,
(v) - N S == 7 .a 21
‘/'7(1013" A"‘Bm‘ [1'_ 5 1_741’”_!2/":'_"».41" \H—"ueru"ol )"éf?}“d,"sz"g J/

| S

- 2 a ;
/2DxHxS 13 [4x8 (S 48,48 = (425 435S, )<E

(t)_g a y_a .o 20 2 k=0
G{8)=6mB x [2x5 r (5 +5,)-8, x5 ,<£%] /2xbeHxS x5

‘[4xszﬂcsl+sz)+s,»<4~5373n57>‘g]
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Taking into acocount t

ki o1 hat for undefeotive

moement of resistance acuires val§£Cbtlvc
W =bxHxS x (S +3xS )/ 6x (35S 4

) ; S )/6x(Bx8 +2x8 )

and transfering from ge i §

A : ometrical E=

let's represent the deBendenoe(ED) ?iriﬁzt?grm?~1‘e to &=l/b

ght) g
A"w

channel the sectorial

nom

"(3+17XA, X[ x X - %
, ?2_? (6+A)x (1+2x4)-2 (3+7*K)'8—3xxx82]/wwx

it \ Ak

= = LorA ja \':11-2‘_;\_‘,\"’%'1‘1 V2
~LE) I OTE AN \uTliAA')AE]
Jnom_Bwl (3+2xx)x[x'x(1+2xh)+2‘K¥S—K“52J/W X2x(1—8)2x
w
‘(3”»)*[(HZ%)x(3'+2xx)—(3+4xx),s] (21)
v¥here A:SD/SI_

L) ==

Determination of Caloula ing Dependence for SIF
+2o0 ———=220Ulating P
Above-mentioned resulis &1ve us approximate solution of thé

broblem for SIF determination in the case of channal warpi
ng

of the edged orack,origi i .
representsd by: »originating from shelf tip.This solution is

Er=B,V' b «F(e,A)/W,

g?;g;enfw/w HT maximum normal stresses
i Y w. ;?hwi%i cﬁgaﬁsf;red through cross-sectidn of

. ?nn ok; -Beoctor mo ann
PeSlstance,F(s,A)—correotlon funotion,whiggngaﬁgs ngo a0, ot

(22)
from warping;B - or

g?; }nfiggngg Sé orack sizes and cross-section geomet T
: = =H~d/bx<t-. geometrioal parameter of Pychanngg

form; e:l/g-dlmensionless crack length

Taking into account i
2 2 elations (5
function P E,A) Tollowing exprés;iggg @)

F(e,A)=Voxtg(mres2) ‘
(€.A)=vextg(megs2) ‘<3+2*M*{[kx(1+2xx)+2xxxs-xx52]x[0,75x

VM2, 02x840,3Tx (1-5tn(mxe/2)) 7]+ (1-6)2x [(B+a)x (1+242)-

we'llget for the

O (BT XA Z ; (23)
2% (3+T<A)x£+3xAxe ]x[O,923+O,199x(1—Sin(';txs/2))4]}/

/ c x & K'jx ( -
/[ 03 (Tt~/2)x2 (3+K)x(1-8)x(1+EXA)X(3+2xk)_(3+4xk)xs]

For standard rolli ol

d=4 Snmepodes Tolling  channel N10O TOCT 8 i =100MM
ing’:MM’b_46MM1t‘/!°MM) parameter A equals ngo R 19 pig
. ‘he relation (23) takes the form: ue A=1,28

AR I PR —
Fle)=ve«tg(m~e/2) ‘{0'149x(1+O’564'8"O’282‘82)‘[0,752+2'02x5+
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+O,37x(T—Sin(WxS/Z)B]/(1—:)x(1—0,41&*8)+G,851x(1—8)x

]

x (1-0,924x £+0,148xe” )« [O,923+(1~Sin(7txe/2) >"]/ (24)

/(1-O,412x8)}/003(%xs/2)

n this case the funoction F(gE),mapping the dependence of
dimensionless of SIF on the crack length,is shown graphically

in fig.3.

F& . _ .
80 Fig.3.Value of the correoction
’ function under the
6,0 determination of
40 channel's SIF with a
iy orack while being
2,0 g loaded Bw.
" . £=(/l£,

01 0203 04 05 g6

Experimental Investigation.The idea of the given method is
corroborated by special specimens of standard channels, which
are loaded according to the scheme of eccentrical bending.

Faoh Bpeoimen is welded into the frame-work,thus its ends are
held rigidly.Two horizontal plates,toc which testing machine's
loadis are being applied,are welded to the middle nart Af +the
apenimens.Theese [wo plales enavie ds Lo reguiaie uic wasgiiltude
of force eccentricity h(distance between the channel's bending
centre and the point of the force application) and desired
ratio of torque and bending moment values.The notch,which
promotes appearance and gradual growth of fatigue corack, is
made in the working part of the specimen,between two plates,at
the free edge of ‘channel's lower chelf.The surface of
channel's shelf was grinded;measure mark were drawn on it,
everything in order to observe crack growth and to check its
length visually. .

Tests were ocarried out on the pulsatcor under the regular loads
at frequency of of 300 cycles per minute and asymmetry is
0.1.Conditions of fatigue crack origion with  respect to the
notoh,and also loading conditions where chosen according to
the standard method .During the test, the value of applied
load and its ecoentricity weTe constant, thus sudden

transitiocns from one loading level to ancther  were
=liminated,and these could influence unnatural growth of

-propagating crack.Crack length | and the number of loadings N,

were consecutively measured in® fixed interval nf  Lime"
during the experiment.Values [ .,and N, and load £ were used
us original data for drawing ‘figurés of crack growth and
defining the speed of its growth (Fig.4).
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} C'tCE Ve
10°¢ Fig.4.Kinetic diagram o
specimen fatigue fracture
under given loading

1077 |- conditions.
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Mggggd_gg____@ggigggg__structureg_ Analysis with _Account of
2ggg;igyi}igg__g;n_ﬁggpigg.Modified method of potential
snergy minimum In the most loaded structural section or
machines,with consideration of actual dynamic loads, having
obtained got under natural the conditions ,was developed for
determining bimoment B real values.Proposed method of dynamic
design of supporting® sys tem 1is based on combination of
manipulated Langrange's principle and Kastiliano's
theorem.Designed sfructural scheme is based on the principle
of final elements. The author introduced the definition and
the function of potential energy of warping U , that 1is the
basis and efficienoy of the investigation: w

U =3B dS/2xExI ;- U /8B =0 (25)
w w w w wi

Software "DEPLAN-DINAMIK" (Rybak et al.,1990),was designed
for calculations of differential equation system and obtaining
the results .in engineering design.
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