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performed a shadow optical analysis for a stationary crack
under mode-I 1loading. His study was done on transparent
materials. Theocaris and co-workers [23,24] generalized the
method of caustics to non-transparent materials by using
reflection and applied it to fracture problems of general
interest in various branches of engineering science.
Theocaris and Gdoutos [25,26] applied the method of caustics
in reflection to experimentally examine the deformation
fields near the tips of stationary crack in metal plates.
In this case, which apparently was the first application of
the method to metal specimens, plastic deformation occured
locally and the optical data were analysed by assuming a
plane stress Dugdale-Barenblatt model for the <crack ¢tip
plastic zone, Also, Rosakis, Duffy and Freund[2T]
demonstrated the wuse of this method to study dynamic
fracture phenomenon in metals.

Beinert and Kalthoff[1], Maier[28], Rosakis[29] and
Rossmanith[30] have employed the method for dynamic
measurements of stress intensity factors. In the initial
cases the influence of inertial effects of the spatial
dependence on the crack tip waé not taken into account.
Kalthoff et al.[31], introduced an approximate correction
factor to account for the potentially large error introduced
by assuming static local field in data analysis. The exact
equations of the caustic envelope formed by the reflection
of parallel incident light from the surface of the specimen

containing a rapidly growing crack were obtained by



























































































































CHAPTER 6
DISCUSSION AND CONCLUSIONS

In this work the techniques of caustics and
photoelasticity have been compared. The plot of the stress
intensity factor as a function of <crack tip velocity has
been generated and compared with the existing results.

Results of the static photoelastic experiments are
plotted in figures 11 to 28 and the overall extracted
information is given in tables 2 and 3. Some interesting
observations can be made from the values obtained. Six
parameter analysis(KI6) of the data consistently gives
higher estimates of the stress intensity factor as compared
to the values obtained from the three parameter
analysis(KI3). The values of KI6 are more closer to the
theoretical solution. A plot of Kth, KI6 and KI3 vs 1/w
ratio for a given load shown in figure 29 indicates that for
six parameter analysis errors are small(table 2) being
-8.55% for 1/w=0.1, it decreases to lessthan 2% for 1/w
bétween 0.3 and 0.5 and than again increases as the crack
goes close to the boundary being 11.13% for 1/w=0.9. For 3
parameter analysis errors are always larger(table 3). The
estimated values are much less than the theoretical one.
The error is about 11% for 1/w=0.1, it decreases to about
10% for 1/w=0.3 and then keeps increasing to 24% when 1l/w

reaches 0.9. From these it can be concluded in the cases
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where mode II loading does not exist six parameter analysis
gives results closer to the theoretical results.

In case of caustics it is necessary that initial curve
lie in a region where plane stress conditions exist. To
find the region a plot of K/Kth against ro/h 1is generated
(figure 32) for a crack length to width ratio of 0.5. From
this plot it is seen that when ro is 1less than 0.38h the
experimenta; value is considerably lower thén the
theoretical value., As ro is increased the value of K/Kth
increases and finally stabilizes at a value of 0.96. So for
caustic experiments with plexiglas the value of ro/h should
be greater than this value to ensure consistent and accurate
results. Recently, Rosakis and Ravi Chander[33] also
conducted a similar experiment with varying thickness of the
specimen and obtained similar results. Interesting results
can be seen when data for other 1/w ratio (different from
0.5) is also included (fig. 33). The value of K/Kth is seen
to stabilize at a different value being about 0.865 for
1/w=0.7 and 1.040 for 1/w=0.2.

The results of the static caustic experiment set are
presented in table 6 and plotted 1in figures 35 to 43.
Percentage error (see table) is very 1low for 1/w=0.1,
increases to a value of about 15%(-ve) then it changes sign
and goes to about 13% for 1/w=0.7 and again decreases to 2%
for 1/w=0.9. Caustic 1is the black spot surrounded by a
bright light region and the diameter which should be used is

the outer diameter of the dark spot,as also required by
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with the K value, If the stress intensity factor is very
low for ‘a moving crack the surface formed is extremely
smooth and shining.

DCB/SEN experiment data shows a decrease and then an
increase 1in the K value as does the crack velocity which
falls from 364m/s to 136m/s and then rises to 200m/s. KI6
falls from 1.432 to O0.414 and then rises to 0.547MPaJm.
Again Dbecause of the reflected waves there is not a
continuous drop 1in the K value but it shows a tendency to
increase in Dbetween. From the sequence of photographs
(fig.57) it can be seen that the fringes change in shape,
size and tilt. Size of the fringes decrease and in the last
picture 1increases again signifying an increase in KI. In
the DCB section and in the beginning of the SEN section of
the specimen the fringes are leaning backward, but in the
last picture the lean is forward. The lean 1is related to
remote parallel stress, ¢ox[18]. Thus the fringes indicate
that ¢ ox changes sign as crack propagates across the
specimen. In general, six parameter K values are higher
than the three parameter values. Rough fracture surface in
the beginning 1is seen to smoothen out as the crack moved
through the specimen. The waviness in the <crack path is
seen to be due to the unsymmetry in the existing stress
fields around the crack tip as can be seen in the fourth and
fifth photographs of fig.57.

Dynamic caustic experiment showed considerable scatter

in crack tip location-time data. The crack tip cannot be
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seen directly in the photograph and has to be evaluated from
theoretical relations[1]. This has been found to be a
disadvantage of caustics over isochromatic method when
velocity 1s not known apriori and the effect of slight
changes in velocity are to be studied. The SEN experiment
with photoelasticity and caustics were cohducted under
identical conditions and the results are compared. The K vs
crack length plots are given together in fig.65. It is
observed that the caustic values follow the same trend as
the KI6 values but the numerical values are significantly
lower, for instance, at a crack length of 100mm KI6 1is
1.264MPavym, KI3 is 1.154MPa/m where as the value obtained
from caustics is only 0.878MPavTi. fhe rate of rise in K
value 1is not as steep as for the case of KI6 when the crack
approaches the boundary. A possible explanation is that
caustic analysis takes only the first term of stress field
series as compared to six terms in case of six parameter
analysis.

The purpose of generating the K-v plot for
Homalite-100 was to compare it with the existing results
shown in fig.1 and in fig.66. A plot of K vs v for the
values KI3 and KI6 given in fig.67 and fig.68 shows that at
lower velocities the points of both DCB and DCB/SEN
experiments merge and form the stem region of the curve but
as the velocity rises the two separate (fig.67) with DCB
values being higher than that for DCB/SEN. In the stable

part of the curve(the plateau region) SEN data falls at an
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Fig.u6.

Fringe patterns from the dynamic SEN expt.l.
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Fig.48. Fracture surface of the SEN specinmen.
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Fig.50. Loading arrangement for DCB & DCB/SEN
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Fig.52.

Varying fringe patterns in the DCB specimen.
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Fig.57.

Photographs from the DCB/SEN experiment showing
the changing size and the tilt of the fringe
patierns.
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Fig.60. Post mortem picture of the DCB/SEN specimen.
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Fig.64. Fracture surface of the dynamic caustic
specimen.
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TABLE 1

DATA FROM THE STATIC PHOTOELASTIC TESTS

load

N

1567 .4
1789.8
2012.2
2234.6

900.2
1033.6
1211.5
1345.0

677.8
766.7
864.6
944 .7

455.4
522.1
588.8
655.5

299.7
370.9
413.1
455 .4

188.5
224.1
250.8
286 .4

99.5
121.8
152.9
179.6

55.
.39
.TH
99.

16.
20.
24,
.64
.86

68
81

31
37

05

53

10
54
99

Kth
MPaJ/m

0.481
0.549
0.618
0.686

0.447
0.514
0.602
0.668

0.499
0.565
0.637
0.696

0.495
0.567
0.640
0.712

0.485
0.600
0.668
0.736

0.478
0.571
0.638
0.729

0.433
0.531
0.666
0.782

0.483
0.600
0.717
0.873

0.448
0.572
0.696
0.881
1.055
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KI3
MPaJ/Ti

0.426
0.436
0.589
0.623

0.408
0.441
00557
0.578

0.437
0.502
0.578
0.637

0.428
0.506
0.570
0.636

0.438
0.547
0.597
0.6u47

0.428
0.505
0.549
0.627

0.378
0.466
0.571
0.669

0.417
0.510
0.614
0.719

0.366
0.450
0.529
0.651
0.795

KI6
MPaJ/m
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TABLE 2

RESULTS OF STATIC ISOCHROMATIC TESTS WITH
’ SIX PARAMETER ANALYSIS

1/w Cth m b a 4err.
#,0001 %#,0001 #*,0001 *®.,001

.0989 3.07 3.333 3.347 -2.84 -8.55

. 1999 4,97 5.283 5.252 3.56 -6.29

.2986 7037 7-283 70290 "-58 1‘19

.3992 10.87 10.685 10.704 -1.02 1.70

L4977 16.17 15.947 15.932 .58 1.38

.6004 25.46 24,405 24.140 6.45 4.14
.7022 43.56 41.233 41.087 2.12 5.34
.8045 87.67 83.657 82.603 8.40 4,58
.8955 278.57 247.56 244.89 7.62 11.13

TABLE 3

RESULTS OF STATIC ISOCHROMATIC TESTS WITH
THREE PARAMETER ANALYSIS o

1/w Cth m b a %err.
*# 0001 #*,0001 ¥*,0001 *,001

.0989 3.07 2.738 2.776 -7.40 10.82
.1999 4.97 4.413 4.395 2.06 12.20
.2986 T.37 6.634 6.684 -4,18 9.99
.3992 10.87 9.644 9.688 ~2.51 11.28
<4977 16.17 14.459 14.377 3.26 10.58
.6004 25.46 22.157 21.985 4.17 12.97
.7022 43,56 37.555 37.309 3.56 13.79
.8045 87.67 73.918 73.102 6.50 15.69
.8955 278.57 211.36 206.52 13.82  24.13
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DATA FOR Ro/h vs K/Kth PLOT

Ro/h

0.460
0.479
0.510
0.509
0.550
0.476
0.513
0.561
0.616
0.471
0.517
0.608
0.467
0.548
0.596
0.454
0.493
0.543
0.565
0.616
0.374
0.204
0.177
0.314
0.230
0.297
0.371
0.406
0.435
0.519
0.584
0.754
0.709
0.709
0.491
0.528
0.564
0.460
0.496
0.532
0.570
0.589
0.419
0.557
0.595
0.429
0.469
0.580
0.517

K/Kth

1.002
0.967
0.980
0.974
0.955
1.038
1.022
1.066
1.044
1.037
1.040
1.072
1.060
1.119

" 1,187

0.940
0.902
0.955
0.904
0.989
0.992
0.721
0.501
0.765
0.665
0.874
0.855
0.945
0.914
1.002
0.994
1.124
1.099
1.097
0.896
0.944
0.918
0.861
0.860
0.865
0.894
0.868
0.923
0.993
0.992
0.954
0.954
1.040
0.983

TABLE 4
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Ro/h

0.461
0.477
0.534
0.554
0.474
0.504
0.557
0.591
0.617
0.477
0.561
0.469
0.510
0.551
0.608
O.un7
0.494
0.542
0.581
0.611
0.373
0.190
0.336
0.256
0.298
0.394
0.415
0.448
0.529
0.510
0.585
0.760
0.697
0.703
0.521
0.564
0.465
0.498
0.532
0.561
0.591
0.416
0.487
0.550
0.603
0.517
0.566
0.475
0.603

K/Kth

1.009
0.958
1.030
0.979
.028
.982
.051
.863
.048
.068
0049
.073
.099
.135
175
.910
<911
. 949
0968
972
.980
.603
911
.872
.879
.988
.996
.983
.050
.955
996
<144
.052
.076
.916
.916
.885
871
.862
.859
.878
.912
.959
.962
.025
.983
.981
.983
.065

L2 OO0 200000000002 =200 2000000000000 A0 a0 0-20—=



TABLE 5
DATA FROM THE STATIC CAUSTIC TESTS

l/w load Dia. Kth KI

N ‘mm MPaJm MPayJ/T
0.1 2795.3 9.26 0.751 0.753
0.1 2795.3 9.28 0.751 0.758
0.1 3203.4 9.64 0.861 0.833
0.1 3203.4 9.60 0.861 0.825
0.1 3705.3 10.27 0.996 0.976
0.1 3705.3 10.25 0.996 0.970
0.1 3958.3 10.76 1.064 1.096
0.1 3958.3 10.91 1.064 1.136
0.1 4570.4 S 11.17 1.229 1.204
0.1 4570.4 11.05 1.229 1.173
0.2 1815.9 9,54 0.789 0.811
0.2 1815.9 9.58 0.789 0.819
0.2 2224.,0 10.16 0.967 0.949
0.2 2224.,0 10.32 0.967 0.988
0.2 2672.9 11.23 1.162 1.221
0.2 2672.9 11.30 1,162 1.238
0.2 3040.1 11.90 1.321 1.411
0.2 3040.1 12.35 1.321 1.547
0.2 3448.2 12.40 1.499 1.564
0.2 3448.2 12.43 1.499 1.572
0.3 1203.8 9.50 0.774 0.802
0.3 1203.8 9.61 0.774 0.826
0.3 1509.9 10.41 0.970 1.009
0.3 1509.9 10.35 0.970 0.995
0.3 1836.3 11.30 1.180 1.239
0.3 1836.3 1.17 1.180 1.204
0.3 2199.5 12.25 1.414 1.516
0.3 2199.5 12.46 1.414 1.581
0.4 779 .4 9.4l 0.737 0.791
0.4 T79.4 9.40 0.737 0.781
0.4 938.6 10.27 0.888 0.976
0.4 938.6 10.27 0.888 0.976
0.4 1101.8 11.03 1.042 1.166
0.4 1101.8 11.10 1.042 1.183
0.4 1252.8 11.89 1.185 1.407
0.4 1252.8 11.99 1.185 1.437
0.4 1358.9 12.48 1.286 1.587
0.4 1358.9 12.23 1.286 1.511
0.5 542.7 9.14 0.775 0.730
0.5 542.7 9.02 0.775 0.705
0.5 693.7 9.92 0.991 0.894
0.5 693.7 9.96 0.991 0.903
0.5 836.5 10.93 1.195 1.141
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TABLE 5(contd.)
DATA FROM THE STATIC CAUSTIC TESTS

1/w load Dia. Kth KI

N ‘mm MPaJm MPaym
0.5 836.5 10.91 1.195 1.134
0.5 979.4 11.39 1.399 1.264
0.5 979.4 11.71 1.399 1.354
0.5 1101.8 12.38 1.574 1.557
0.5 1101.8 12.29 1.574 1.529
0.6 285.7 8.11 0.624 0.541
0.6 285.7 7.90 0.624 0.506
0.6 359.1 8.76 0.785 0.655
0.6 359.1 8.80 0.785 0.662
0.6 453,0 9.72 0.990 0.850
0.6 453.0 9.89 0.990 0.887
0.6 514.2 10.49 1.123 1.029
0.6 514.,2 10.62 1.123 1.060
0.6 624 .4 11.34 1.364 1.249
0.6 624 .4 11.35 1.364 1.253
0.7 212.2 9.35 0.871 0.771
0.7 212.2 9.24 0.871 0.750
0.7 257.1 10.03 1.055 0.919
0.7 257.1 9.98 1.055 0.907
0.7 306.1 10.71 1.256 1.083
0.7 306.1 10.72 1.256 1.086
0.7 350.9 11.30 1.440 1.238
0.7 350.9 11.48 1.440 1.288
0.7 391.7 11.90 1.608 1.410
0.7 391.7 11.85 1.608 1.395
0.8 81.6 8.38 0.644 0.587
0.8 81.6 8.42 0.644 0.594
0.8 114.3 9.78 0.901 0.864
0.8 114.3 9.64 0.901 0.833
0.8 155.1 11.21 1.223 1.214
0.8 155.1 11.07 1.223 1.176
0.8 183.6 11.99 1.448 1.437
0.8 183.6 12.15 1.448 1.484
0.9 29.38 8.49 0.664 0.606
0.9 29.38 8.64 0.664 0.633
0.9 36.73 9.57 0.830 0.817
0.9 36.73 9.45 0.830 0.792
0.9 45.30 10.40 1.024 1.007
0.9 45.30 10.40 1.024 1.007
0.9 57.13 11.40 1.292 1.267
0.9 57.13 11.67 1.292 1.343
0.9 61.62 12.27 1.393 1.523
0.9 61.62 12.15 1.393 1.484
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TABLE 6

RESULTS OF STATIC CAUSTIC TESTS

1/w

L=
(o}

.1015
.2018
3014
4013
5044
.6006
7157
.8049
8981

WO O3 OVUT =W ) —

Cth
%0001

2,688
4,346
6.427
9.461
14.282
21.850
41,044
78.850
226.12

TABLE 7

m
%_,0001

2.666
4,607
6.819
10.964
13.552
19.609
35.743
77.258
230.15

b
*_,0001

2.658
4,712
6.959
11.595
13.947
20.853
35.823
80.296
244,04

%,001

3.
-29 .
=24,
.09
<75
.63

=-2.
-4y,
-68.

-71
34
16

DATA FOR THE DYNAMIC ISOCHROMATIC TEST
WITH THE SINGLE EDGE NOTCH SPECIMEN

No. Time
mic.sec

20.5
24.5
31.0
37.5
42.5
48.5
54.0
60.5
65-5
71.5
98.5
126.0
149.5
170.5
191.5
223.0
250.5

N
=S OOV —

—

[ T G QY
oI EWwWwN

crk.lngth

mm

57.15
58.78
60.17
61.90
65.28
66.75
68.53
70.31
72.92
75.11
84.58
94,08
102.82
110.36
118.08
129.34
139.88

Velocity = 360m/s
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KI3
MPaJm

1.010
0.954
1.017
1.059
1.058
1.057
1.118
1.107
1.101
1.092
1.051
1.104
1.154
1.216
1.284
1.344
1.555

KI6

11
13
71

54
03
32

MPaJm

1.274
1.252
1.253
1.290
1.205
1.098
1.165
1.146
1.105
1.139
1.038
1.155
1.264
1.403
1.463
1.390
2.064

%err,

0.84
-6.00
~-6.10

-15.90

5.11
10.32
12.90

2.02
-1 078
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DATA FOR THE DYNAMIC ISOCHROMATIC TEST WITH THE

TABLE 8

DOUBLE CANTILEVERED BEAM SPECIMEN -

Time
mic.sec

24,5

48,0

T2.

92.
114,
132.
153.
179.
202.
233.
242,
281.
322.
359.
h12.

OUITOUVIUITOUTOUMIUITO UTWU

crk.lngth
mm

80.59

88.77

97.05
104.65
112.22
118.31
125.55
134.21
141.71
151.23
153.90
164.11
173.66
180.80
190.68

109

Velocity
m/s

370
368
365
363
358
353
345
330
310
285
280
247
223
202
180

KI3
MPa./m

1.137
1.023
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TABLE 9

DATA FOR THE DYNAMIC ISOCHROMATIC TEST
' "WITH THE DCB/SEN SPECIMEN S

No Time crk.lngth Velocity KI3 KI6
' mic.sec mm m/s MPaJTi MPa./m
1 25.5 81.1 364 1.111 1.432
2 45,5 88.1 364 1.048 1.224
3 73.5 97.9 360 1.124 1.224
4 97.0 106.5 356 1.090 1.207
5 120.0 114.8 348 1.080 1.133
6 139.0 121.1 344 1.037 1.099
T 159.5 128.4 336 0.882 1.032
8 184.0 136.5 324 0.768 0.943
9 205.5 143.3 312 0.706 0.834
10 236.0 152.6 272 0.623 0.691
11 242.5 154.7 252 0.585 0.653
12 284.0 163.6 180 0.404 0.454
13 317.0 168.3 148 0.413 0.477
14 354.0 171.0 136 0.419 0.414
15 392.0 176.3 140 0.397 0.598
16 567.0 204.0 176 0.533 0.572
17 620.0 213.6 18 0.506 0.571
18 716.0 230.3 200 0.523 0.547

TABLE 10

DATA FOR THE DYNAMIC CAUSTIC TEST WITH THE
T SINGLE EDGE NOTCH SPECIMEN S

No Time crk.lngth Dia, KI3
mic.sec mm mm MPavym

1 57.5 T4.6 15.04 0.825
2 65.0 81.5 14.63 0.770
3 83.5 89.8 14.83 0.797
4 126.5 101.5 15.42 0.878
5 147.0 108.1 15.53 0.894
6 153.0 112.0 15.49 0.889
7 191.0 123.5 15.97 0.959
8 209.0 135.8 16.13 0.983
9 229.0 145.5 16.75 1.080
10 236.5 146.6 16.70 1.072

Velocity = 384m/s
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TABLE 11
MATERIAL PROPRETIES

Materials used for photoelastic tests:

Material f1
N/m/fringe
Polycarbonate 66.67

Homalite-=100 218.8

Materials used for caustic tests:
(Inner caustic under plane stress)

Material c f k

m /N
Plexiglas 1.080E-10 3.17 0.526
Homalite-<100 0.929E-10 3.11 0.518

:Expression for ¢ given by equation(4.44),.
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