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EXPERIMENTAL STUDY OF CRACKED KNEE OF FRAME

H.P. ROSSMANITH and R.J. BEER (VIENNA)

Fracture mechanics and photoelastic methods are utilized to determine correction functions
for stress intensity factors for cracked knees of frame. A simple engineering method of
analysis is demonstrated. :

1. INTRODUCTION

During the past two decades fracture mechanics has evolved to a subject
of widespread interest and its applications to engineering problems have
been rapidly .expanding. Mechanical and civil engineering applications of
the method of fracture mechanics form . the bulk of technical reports
published in the literature. A wide class of fracture research contributions
pertains to the determination of stress intensity factors, K, for complicated
structural components with cracks. Lately, special attention has been focussed
on photomechanical evaluation of stress fringe patterns for the determination
of geometry-induced correction functions to the stress intensity factor.

In this contribution linear-elastic fracture mechanics in conjunction with
stress-coating is ufilized to determme 1load limits and stress intensity correction
functions for cracked knees of frame in structural frameworks. The stress
analyses employed base on an engineering approach [1] and a photoelastic
multiparameter-multipoint data reduction method developed recently [2, 3].

2. EXPERIMENTAL INVESTIGATION

The test program involved two series of tests with noncracked and
cracked structural components. The specimen geometry to be tested and
analyzed is shown in Fig. la. In the first test three models of a knee of
frame fabricated from commercially available aluminium have a machined
symmetrical edge crack of depth a=4mm on the tension (inner) side
of the frame (Fig. 1a). The opening angle of the knee is 90 degrees; all
dimensions are kept the same for models No 1, No 2, and No 3,
except for the radius of curvature, r, of the re-entrant corner which
varied from r; = 20 mm, r, = 9 mm to r; = 4 mm for the models No 1, No 2
and No 3, respectively. All cracks were milled with a cutter of thickness 0.5 mm.

For reference, the second test series pertained to the state of stress
in the uncracked models. The uncracked test samples were fabricated of



204 H. P. ROSSMANITH AND R. 1. BEER

a!ummaum

photocoat

2.4

FiG. 1. Geometry and load configuration; a) structural compénent, b) edge-cracked strip subjected
to pure bending.

Araldite B, a commercially available transparent temporarily birefringent
polymer. Except for the cracks, these models have the same shape and
dimensions as the cracked specimens, Unflawed Araldite models were utilized
in order to increase the stress-optical effect; the precracked specimens
had to be machined from aluminium and- stress-coat tested because similar
Araldite models failed at loads too low for any appreciable stress-lnduced
optical effect requlred for fracture mechamcs applications.

2.1 Testmq of uncracked specimens

An important factor in the discussion of a cracked structural component
is the knowledge of the stress distribution in the unflawed component.
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Since the prmclpal stress component in a direction normal to the inner
boundary o, is zero, the photoelastic fundamental relation [4]
2.1 . 21, = 6,—0,= Nf,/h

yields ¢, = Nf,/h. The distribution of g, ~ N along the inner boundary is
shown in Fig. 2. The results show a sharp increase by a factor of
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FiG: 2. Distribution of ‘principal stress ¢, along thie inner boundary of the knee of frame.

about 2 of the tangential stress o, at the notch root when the root
radius was degreased by a factor of 5. Moreover, the section of local stress
amplification i8 reduced from —15 < s < 15 {mm} (No 1) to —5 < s < 5 {mm}
{No 3} measured with -respect to. the fringe order N =5. Figure 2 also
implies the existence of a limiting ratio (#/b),. such that, for (#/b) > (#/b)im
the maximum fiber stress does not occur at the notch- bottom but is
attained at two points off the line of symmetry.

2.2. Testing of precracked specimens

The series of precracked aluminium models were then sandwiched between
adhesively cemented photocoat layers of ‘thickness 2.4 mm for isochromatic
fringe pattern recording by means of an optical reflection polariscope arrange-
ment as shown in Fig. 3. The tension load was applied by a stiff servo-
-hydraulic deformation-controlled testing machine. When the aluminium part
of the model is subjected to tension loads, P, the photocoat-layer is accord-
ingly strained to induce isochromatic fringes when viewed in a reflexion .
polariscope optical arrangement. Continuous in-plane strain deformations
across the aluminium stress-coat 1nterface forms the basis of thls method
expressed by [5]

A
2dc’
where A is the wave length of the monochromatic light employed (63.5- 107 ¢m),

¢ is a dimensionless stress-optic figure of rnerlt (¢ =0.15), and d 1s the
thickness of the coating.

(2'2) (81 —82)1.Mu = ('91 ‘_82).30?[ =N
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FiG. 3. Experimental set-up for isochromatic [ringe pattern recording by means of reflection
’ polariscope arrangement.

3. ANALYSIS

During the past two decades efficient methods for the determination of
stress intensity factors have been developed; these arc reviewed in a recent
paper by Rossmanrra and Cuona [2]. brwin’s classical engineering method

a
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Fra. 4. Crack-tip fringe loop geometry; a) Jneasurement quantities, b) experimentally recorded
' isochromatic fringe pattern (model 23

which bases on two characteristic gcometrical guantities of the isochromatic
loop, tilt angle 0,,, and apogee distance, 1, (see Fig. 4a), yields for the stress
mtensity factor, K

(3.1) : Ky =21, /27, H(8,),

where the function H (6,,) is given in Fig. 5 [6, 7]
Regarding Eq. (2.2) and the relation
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FIG.. 5.-Graph H(6,) vs. 9,,,_ f_or_ K-determination. - '
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1 L1+
(32) —e= Gt = 2
one obtains S 5 Y
G 1_—-1"' 2(1+v) 2dc

where Poisson’s ratio v = /3. and Young’s modulus E=65- 105 kp/cm?.

Values of r, and _Hm as a function of the fringe order N =1,..,7 for
the three models No 1, No:2:and No 3 have been measured from photo-
graphic fringe pattern’ recordings and. are: reproduced in Fig. 6. A typical
mode 1 isochromatic crack-tip- frmge pattern assoc:ated with the model 2 s
shown in Fig. 4b.

The influence of the gcometrlcai conflguration of the knee of frame,
in particular the root radius, r, on the tilt of- the tested isochromatic
fringe follows from Fig. 6. o

Combination of Egs. (3.1} and 3. 3) ylelds the final relation for the
experimental determination of the stress 1ntenslty factor

8,,(N) (N
1151
110 15
105
1004 }10
95 -

g0+ &

85

BD L} - g L) . 1 - 1 T L 1 N
1 1 2 3 4 5° 6 7 8
FIG. 6. Fringe measurement data for K-évaluation.
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4. RESULTS AND DISCUSSION

From a K-determination point of view it appears advantageous to
compare the geometrical configuration of the knee of frame with the
problem of an edge-cracked strip of width b and crack length, a, subjected
to pure bending, M (Fig. 1b), for which the stress intensity factor is given

| by [8]

. oM
@.1) - Ku= - ra X, ah).
For the problem at hand a similar eiipr_eséion for K may__be wrift'en:_
} 6MI - . a _Vr E
with , ST
(4.3) M= PLL/2 = Pe.

The geometry correction factor Y(a/b;r/b) has been ploited in Fig. 7
for the varying root radius r. The geometry of the knee, in particular the
radius of curvature, r, induces a pronounced increase of the stress intensity
factor for decreasing values of r/b. [ this configuration the correction:

Y(r/bsa/h) #
2,00 \ 002 /b =0.1053
<849
1.80 -
1.727
r——
1,60 -
1,40 1
#3 #2 #
P/b=0,105 | r/h=0.237 r/h=0.526
1,20 - f—’— s
1.00 ; ' = - ‘ —e=-
0 0. 0.2 0.3 0,4 0.5 r/b

Fi1G. 7. Stress intensity correction function Y{afh:r/b} for a cracked knee of frame
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function, Y(a/b, r/b), for the frame knee is compared with the correction
function for the edge-cracked bending strip, Y(a/b) [8], an effective crack
length @ may be evaluated to show that the flawed knee of frame is more
sensitive to cracking than the edge-cracked: strip configuration. Curve a/b
in Fig. 8 shows the distribution of effective crack length as 2 function
of r/b. .

With regard fo stress distribution and stress flow in the knee section
of the structural component considered, it is tempting to introduce an
“effective” strip width b, such that

4.4) Y, (a/b) = Y(a/b; 7/b).

The graph of b/b as a function of r/b is plotted in Fig. 8. _

It should be noted that an engineering estimate of the tensile stress
loading of the frame in the order of 5% of the bending loading has
been neglected with reference to experimental error bounds.

Most recently, multiparameter-multipoint data reduction schemes have
been developed on the basis of an overdetermined system of nonlinear algebraic
equations solved by means of a Newton -Raphson procedure and the method
of least squares [2,3]. The isochromatic fringe patterns obtained in these
tests have been analyzed by using a six-parameter method [3] and the

alb
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FiG. 8 Effective crack length ratio, @b, and effective strip width ratio, B/b, as a function
of the root radius ratio r/b.
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results obtained were within a 5%-error bound with the engineering approxi-
mation presented herein,
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Pe3ioME

SKCTIEPUMEHTANIBHOE HCCIEJJOBAHHUE PA3PYHMEHHBIX PEBEP PAM

TlpuMeHeHEl MEXaEEKA Pa3pYISHHA M IMACTOORTHMCCKHE MOTOABL Al ONpPENEsieRHs Mo-
npaBovHEIX dyHKimi MHTEHCUBHOCTH HanpsxeHwid Ans paspymenHx pebep pam. Tpesctansen
TpocTOl, WHMEHEPHLIH METOA auaiula,

STRESZCZENIE

DOSWIADCZALNE BADANIE SPEKANYCH NAROZY RAM

Zastosowano mechanike zniszczenia i metody elastooptyczne do okreflenia funkcji popraw-
kowych intensywnoéci naprezef dla spekanych naroiy ram. Przedstawiono prosta, inZynierska
metodg analizy.

INSTITUTE OF MECHANICS

and

INSTITUTE OF STATICS AND STRENGTH OF MATERIALS
TECHNICAL UNIVERSITY OF YIENNA, VIENNA, AUSTRIA.

Received August 31, 1982,





