
B.1.5 PREDICTIVE ULTIMATE TENSILE STRENGTH

B. 1 . 5 . 1  NOISOME RATIOS

Density of fibres * 1 .8  g/cm^

Density of matrix ■ 100 + ---- x 38 - 1.21  */cm3
100 100

Volume fraction of fibres

0.55

Vf “

1 .8

0.55 0.45

1.8 1.21

0.45

1.21

0 .45 0.55

- 0 .45

- 0 .55
5

 . ’

Vn + Vf ■ 1 (Note: In this case Vy is ignored).

Bl.5.2 LAMINATE STRENGTH

One model for the strength of composites is given by:

Sk “ SfVf + SmVm

- composite strength

strength

strength

Sf - fibre

S » matrix in

Sk - 1116 - 1127 MPa

Sf - 2 .4  KN/nm

Sm - 65 - 68 N/mm2 in

(Cured 7 days at room temperatnre)

The materials used here are unidirectional carbon tape and epoxy resin with 

the above mentioned tensile strengths.

This model assumes, however, that the matrix and fibres fail simultaneously. 

A better approximation would be to assume that the composite f a i l s  on the 

shortest strain of its constituents .  The elongation of the matrix at 

failure  is 2.4 - 4.0% and for the fibre it is 1%. Therefore the fibre 

strain is limited.



E ”  Young's modulus ■ 220 kN/mm2

- 3200 - 3500 N/mm2 for matrix

Sf *

Sm “ E»«

Sk “ V Vf + Em«V»

taking e - l . lxlO-2

Sk - 1108 to 1110 MPs 

predicted UTS ■ 1108 to 1110 MPa

Another way is to fo l lo w  Tsai 's  suggestion using the follow ing  st i ffness  

equation:

El  - K[Ea + (Ef - Ea )Vf ]

K “ misalignment factor 

E^ * composite tension modulus 

Ef * filament modulus 

Vf ■ fibre volume fraction

For straight filaments E - 1.0 . However, the carbon yarns are twisted 

resulting in an effective K of C.92

In oider to find the strength of the laminate the formulo below is being 

used:

- fE^ "Here is the OTS predicted.

Ef - 220 kN/mm2 e - 1.1 x 10" 2

dm - 3 .2  kN/mm2m

K - 0.92 

Vf - 0.45

El  - 0 .92  [3.2 + (220 - 3 .2 )  0.45] - 92.6992 kN/mm2 

SL - 1.1  x 92.6992 x 10-2 - 1.01 GPa or 1001 MPa

Hence it can see that there is approximately an agreement between different 

assumptions. The values  obtained hete tend to be made higher than the 

experimental ones. Poor q ual if j  of lamination and specimens mainly 

attributes to the low ultimate tensile  strength values of the various 

batches.



B.l.5.3 PREDICTION OP LAMINATB THICKNESS OP CARBON/KPOIY

The laminate is a unidirectional tape with the following properties:

Weight »  60 g/m 

width ■ 16 cm

The weight per m2 is 375 g/'m2

Density 1.8  c/cm3 - 1 .8  Mg/nr

Therefore thickness constant* * 1 /1 .8  ■ 0 .556 for carbon.

The matrix to carbon ratio is 45:55 by mass and equals to ■ 0 .82 :1

Density ■ 1.1 Mg/m3

thickness control ■ 0 .909

'Thicknes*' of carbon - 0 .556 x 0 .375 •  0 .2085 mm

'Thickness’ of matrix ■ 0 .82  x 0.375 x 0 .909 - 0 .280  mm
•

Total thickness of a single ply - 0.4885 mm

For the eight ply laminate ■ 3 .904 mm

* Thickness in mm attributable to kg/m2 of the material.



B.2 FATIGUE PROPERTIES

B .2 .1  FATIGUE SPECIMENS

The shape of the fatigue specimens (doable notched along the width) is as 

Indicated in Fig IS.

Two S sin radios holes were d r i l l e d  into each side of th» sanded C/E  blank 

specimens. The holes were farther sanded to remove excess chaff.

B .2 .1.1 CRITERIA FOR SELECTION OF DOUBLE EDGE NOTCHED SPECIMENS

The original fatigue specimens had a single edge notch, a', indicated in Fig

16.

It was noted daring initial testing that a large bending moment was induced 

in this type of sample. It seems that stress dae to bending is far greater 

thf.n the stress dae to normal load. This was thought to modify the loading 

in an unacceptable fashion and therefore double edge notched specimens were 

chosen.

It seems that the stress dne to bending is far greater than the stress due 

to normal lead. This was thought tc modify the loading in an unacceptable 

fashion ar.d therefore double edge notched specimens were chosen.

B . 2 . 2 CRITERIA FOR SELECTION OF NOTCHED FATIGUE SPECIMEN WAISTED ALONG 

ITS TPTCTNESS

The essence of good materials testing is to use specimens which give 

unambiguous results. The conventional reinforced plastics dumb-bell type of 

specimen has not f u l f i l l e d  this criterion  when used with carbon fibre 

reinforced plastics (CFRP) and new typtn have bien developed which behave 

well for short-term tests.

It has been found that the fatigue strength is very high but the material 

variability revealed by UTS measurements is reflected in fatigue.

At loadings at d ifferent  percentages ol UTS some specimen* f a i l e d  quite 

quickly whilst others continued to sustain the loads for many millions of 

cycles  without loss of tensile  strength.  Considerable shear damage was

-  H 7  -



evident in all  fatigues specimens. An important requirement of any specimen 

design is that it provides a means of simple, unambiguous interpretation of 

the test for which it is used.

The conventional  dumb-bell specimen f a i l s  outside the narrowest waisted 

section when used to measure the ultimate te ns i le  strength (UTS) of 

unidirectional CFRP in the fibre direction. Obviously the results from a 

specimen which f a i l s  outside the narrowest section must be regarded with 

some suspicion.

To illustrate the problem ^  typical strength vi ues for unidirectional CFRP 

are of the following orders:

HIGH STRENGTH surface treated fibres in an epoxy resin matrix have the 

following mechanical properties

UTS - 1600 MN/m2 

ILSS - 100 MN/m2

It can be seen that the ratio is approximately 16 ;1  of UTS to ILSS and in 

some cases (as in the case of untreated fibres) can go up to 3 6 :1 .

An analysis shows that if a specimen is to fail at the narrowest section the 

equation for the slope of the waist at any section Z, a distance X from the 

narrowest section, is given by

dz r Z 

dx a ZQ

where ZQ is h a l f  the thickness of the neck, a the material UTS and t the 

lnterlaminar shear strength.

This gives a curve of the specimen surface as 

t x
Z ■ Z„ exp (- — ) and the maximum allowable taper at the narrow section

n 7.

The most economical use of composites for testing is achieved by waisting 

through the specimen thickness and not the width. In doing so the overall



length is considerably reduced whilst maintaining an adequately large test 

section.  In addition the specimen has the merit that results  are width 

independent.

CFRP is b r i t t l e  and unwanted bending of a specimen can produce high local  

stress which cannot bt r e l ie v e d .  A specimen waisted in the thickness i* 

less susceptible to out of plane misalignment in test machine wedge grips 

than one waisted in the width.

Figures of a section of a waisted specimen and a skotch of the p a r a l l e l  

waisted tensile  fatigue specimen are given in Figs 17 and 18. It must be 

borne in mine, however, that the fibre efficiency of that particular type is 

only  50 percent for hand lay-up compared with 76 percent for autoclave  

moulded m aterial .  Consequently the fatigue strengths represent quite 

modest fibre stresses.

B .2 .3  APPARATUS FOR FATIGUE TESTING

A de ta i le d  discussion of equipment operation is includod in Appendix D. 

Equipment used : ESR Serial number 1583.

The samples were tested at each cyclic  amplitude as specified  by BS 2782 

part 3. The exception was that a couple c r tests were carried out at 30 

percent of UTS. The above tests were carried out in connection with batches 

[A], [B], [C], [ D ]. In case of batch E results  wore s l i g h t l y  d ifferent  

since the specimen were waisted ai ng e thickness.

Due to the primary mode of fa i lu r e  being matrix cracking for the face 

notched specimens the ESIT machine was tripped out when macroscopic 

longitudinal cracking occurred.

This was done by bonding 1.5 mm coated 

a way that it would break if a crack occur, 

shown in Fig 19.

This wire was bonded completely along the lateral section of the speoimen 

using a 'superglue ' .  It was necessary to bond it e n t ir e ly  along these 

lengths to prevent the wire elongating rather than breaking when a crack 

passed it.  The wire was then used to energise the coil of a :reiay.

o the specimen in such 

position of this wire is



r-C.
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When the wire broke a voltage was applied  to the socket trip on the ESH 

machine which would terminate the test.

It is not feasible to use the extension trip on the machine with the type of 

sample being tested .  This ia because longitudinal  cracking occur, but no 

lateral cracking. The crosshead can therefore only extend once the specimen 

pulls loose from the gripa.

B .2 .4 FATIGUE RESULTS

L

There are quite a number of pointa obtained from fatigue results. Five of 

them are at stress amplitude of 60 percent of the UTS and a cyclic  

frequency of SO Hz in order to prove whether the life is frequency dependent 

or not. All  the remaining results are at a cyclic frequency ot 15 Hz. Here 

the tension-tension is examined.

It is worth noticing that batch E is treatod as a special case.

The stress amplitude (S) is quoted in percentage of the UTS due to the 

scatter in UTS results  between panels .  Erpressing S aa a percentage 

therefore non-dimensionalises this quantity.



APPENDIX C

Table 8 :

Tables 9-12:

Table 13:

Table 14:

Table 15:

Table 16:

Table 17:
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Mean ultimate tens ile  strengths of 

batches (A, B, C, D)

Mean ultimate tensile  strength and 

standard deviation of batches (A ,B ,C ,D ;  

Peiccntage of UTS number of cycles  to 

f a t ig u e  f a i l u r e  of d o u b le  notched  

specimens along the width 

Fatigue l i f e  of specimens at 50 Hz 

frequency

Mean life of fatigue specimens at 15 Hz 

frequency

Fatigue life of specimes at 15 Bz (Favch

A. B, C D)

Fatign i ife  of specimens at 50 Hz

(Batch at 60 percent UTS

Dimens, is of specimes from batches A,

B. C. D

UTS of specimens from batches A, B C, D 

Percentage of UTS and enduranoe f 

specimens from batch 'A'

Frequency and endurance for batch V  

Percentage of UTS and fatigu* 1 'or 

batch E specimens

Dimensions of fatigue specimen' f ■» 

batches A, B, C, D and E 

Temperature b u i ld  up as a func vft f 

Load Leve 1

Page

52

52

55

55

56

57

58

59-60

61

61

63

64

66

- 4 i I
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BATCH MEAN UTS

A

B

C

D

f MPa)

878,59

552,92

448,8

416,3

These results are presented graphically in graph 1.

STATISTICAL ANALYSIS OF UTS VALDES

The standard deviations  for each batch wore c a lc u la t e d  and 

Table 2.

n-i

TABLE 2

BATCH MEAN UTS (MPa) STANDARD DOTATION

A 878,59 147,19

B 552,92 84,17

C 448,8  67,02

D 416,5 100,16

Mean UTS X - -- - 574,2 MPa

Standard Deviation S.D ■ 211,1 MPa
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TABLE 3

S (% UTS) 

90 

90 

90 

90 

90 

90 

90 

85 

85 

85 

85 

J5 

80 

80 

CO 

80 

80 

80 

80 

80 

75 

75 

75 

75 

75 

75 

75 

70 

70 

70 

70 

70 

70 

60 

60 

60 

60

CYCLES TO FAILURE (n) 

20 

20 

400 

0 

0

870

200

50

20

7730

3100

760

70

4230

0

0

50

2300

4470

51 

650

640

1250

1250

1230

7530

270

80

296

0

0

120

9400

4/80

75530

11250

2130

LOG (n)

1.30

1.30 

2.6 

0

0

2.94

1,0

1,70

1.30 

3.89 

3,49 

2,88 

1,85 

3,63 

0

0

1.7 

3,36 

3,65

1.7 

2,81 

2,81

3.10

3.10

3.10

3.88 

2,43 

1.9 

2.46 

0

0

2.08 

3.97 

3.68

4.88

4.05

3.33



1

I

I

49320 4#65

60 0 o

50 92820 4,97

50 2690 3.43

50 165300 5,22

50 189600 j ,28

50 0 o

50 2683 3,4

30 1260400 6 ,10

30 1200001 6.07

30 . 1560032 6.19

30 1103256 6,04

30 a062574 6.02
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TABLE 4 

50 Hx

S (% UTS) 

60 

60 

60 

60 

60

(n)

10600

24300

2200

2500

5100

LOG (n; 

4,03

4.39  

3,34

3.40  

3,71

The above resalts were plotted in graph 16.

STATISTICAL ANALYSIS OF FATIGUE RESULTS.

For each value of S the following results are presented:

- mean life

- standard deviation (SD) of mean life

- mean of Log n

standard deviation (SD) of Log n 

These results are shown ij Table 5.

TABLE 5

CYCLIC

AMPLITUDE

90

85

80

75

70

60

50

60

CYCLIC

FREQUENCY

MEAN 

LIFE 

262 

2332 

1853 

20ft 8 

1978 

28602 

104182 

3940

SD OF n

379

3269

2124

3073

4150

32407

75a .

9224

MEAN LOG n

1,63

2,65

?.,37

i ,01

2,08

4,13

4,75

3,77

SD of LOG n

1,18

1,12

1.45

0,54

1,42

0,66

0,76

0,44



TABLE ( . 0

C FATIGUE LIFE AT 15 riERTZ CYCLIC FREQUENCY

Cyclic Specimen Notched Load Cycles to log (n)

Amplitude No Area (b e  ) (kN) Failure (n)

(% uts)

90 C7 39,71 16,04 20 1,30

90 C8 37,27 15,05 20 1.30

90 C9 38,87 15,7 400 2,6
90 CIO 37,37 15,09 0 0
90 Cll 37,82 15,28 070 2,94

85 C12 39,95 15,24 50 1,7

85 C13 40,01 15,26 20 1.3

85 C14 41,04 15,66 7730 3,89

85 C15 38,02 14,50 3100 3,49

85 C16 35,87 13,68 760 2,88

80 318 31,40 13,84 70 1,85

80 B19 38,46 21,27 4230 3,63

80 B20 37,27 16,49 0 0

80 321 35,33 15,63 50 1,70

80 322 32,08 14,19 2300 3,36

80 B23 11,56 13,96 4470 3,65

75 D6 44,02 13,75 650 2,81

75 D7 43,08 13,46 640 2,81

75 08 45,97 14,36 1250 3,10

75 D9 46,04 14,38 270 2,43

75 D10 41,31 12,90 7530 3,88

70 A9 32,88 20,22 80 ' . 9

70 A10 33,64 20,69 2190 # • 
4

70 All 32,95 20,27 0 C

70 A12 33,54 20,63 120 2.08

70 A13 35,53 21,85 9400 3.97

60 B6 38,19 12,67 4780 3.68

60 B8 36,06 11,96 75530 4,88

60 B10 33,87 11,24 11250 4,05

60 B13 31,76 10,54 2130 3,33

60 B14 34,60 11,48 49320 4,69

50 311 36,42 10,07 92820 4,97

50 B15 31,99 8,84 2690 3,43

50 B16 38,1 10,53 165300 5,22

50 317 33,75 9,33 189600 5,28

50 C6 36,63 8,22 70500 4,85

30 A14 34,24 9,02 1260400 6,10

30 A17 34,21 9,06 1541256 6,18

30 B18 35,11 9,34 756234 5,87
30 C20 36,42 9,11 1113400 6,04

30 D17 34,11 9,54 287322 ' 5,45

Specimens B7, B9, B12 were reserved due to possible damage during testing.



Cycles to 

Failure (n)

10600

24300

2200
2500

5100

Log (n)

4,03

4.34

3.34 

3,40 

3,71

Tha* is titch A, B, C, D, A'

of ei to show which

the cimen cat from

ULTIMATE TENSILE STRENGTH DIMENSIONS

The width and thickness of each specimen was measured in three places  and 

the area  then a v e r a g e d  oat .  T h is  is to compensate for any small  

fluctuations in these dimensions.

TABLE 7 .0

FATIGUE LIFE AT 50 HERTZ CYCLIC FREQUENCY 

LOAD 60% UTS

Specimen Notched Area Load (kN)

I* * 7 )

Dll 46,27 11,56

D12 39,94 9,98

D13 39,85 9,96

D14 43,95 10,98

D15 45,75 11,43

SUMMARY OF EXPERIMENTAL RESULTS

Test samples were from several panels.

Each panel is designated with a batch letter, 

or E.

These letters are used to prefix the number 

batch it was derived  from (eg A2 indicates 

panel A) .
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TABLE 8 .0  

BATCH A 

No

BATCH B 

No

B1

Bo

LENGTH (mm)

154.1

155.1

155.3

156.8

155.6

158.8

156.3

153.6

LENGTH (mm)

150

149,5

145,3

143,2

WIDTH (-.)

11.46

11,28

11.3

11.4 

11.2
11.4

11.4 

11 ,0
11.4

11.4

11 .4

11.5

11.4

11.34

11.4

11.34 

11.28

11.6 

11.48

11.4 

11,56 

11,52 

11,24

11.4

WIDTH (■■)

11,12
11.32 

11 .10  
11,12 
11,38 

11,28 

10,92 

11,30 

11,14

11.32 

11,48 

11,28

THICKNESS (mm)

3.4

3.4

3.4 

3,52

3.5

3.54 

3.62

3.54 

3,58 

3,7

3.6 

3,68 

3.2 

3,28

3.16

3.1

3.2

3.0

3.16

3.2

3.1 

3,32

3.3

3.3

THICKNESS (mm)

3,10

3.3

3.3 

3,16 

3,36 

3,28

3.20

3.20 

?, 16

3.18

3.18

3.20

_____



BATCH C

No LENGTH (■■) WIDTH (ma) THICKNESS (am)

Cj 140,00 11,00 3,28

11.36 3,28 
11.28 3,24

C2 140,92 11,36 3,08

11.36 3,18
11.08 3,06

C3 140,12 11,20 3,12

11.26 3,08
11.16 3,18 

C4 140,00 11,04 3,14

11.28 3,06
11.24 3,12 

C5 13*.4 H . 1 4  3,28
11.24 3,26
11.18 3,34

BATCH D

No LENGTH (■■) WIDTH (mm) THICKNESS (an)

D1 140,2 11,34 3,64

11.48 3,60
11.26 3,62

D2 138,6 11,14 3,50

11.*0 3,56
11.20 3,40

°3 139,6 11,12 3,60

11.44 3,64
11.16 3,54 

°4 139,8 11,24 3,50

11.36 3,5 *

11.18 3,48 
D5 140,7 11,08 3,64

11.40 3,64
11.20 3,58

TABLE 9 .0

TEST RESULTS 

BATCH A

No Load (kN) Mean Area (a *2 ) TJTS (MPa)

A1 28 38,58 725,76
A2 28.4 39.89 711,96
A3 36 40,34 892,41

A* 29 41,85 692,45*
A5 35,5 36,57 970,74
A6 26,5 34,75 762,59

A7 36,5 36,2 1008,29
A8 40,6 37,65 1078,35

* Thii  value was discounted because of n suspect zt.'O setting on the 
machine for this test.

MEAN UTS =■ 878,59 r-fPa
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TABLE 10 .0  

BATCH R

No Load (kN) Mean Area ( « 2) UTS (MPa)

B1 17,5  36,15 484.09

B2 22,25 36,87 603,47

B3 21 35,71 588,07

B4 15,8 35,48 445,32

B5 23,3 36,20 643,65

MEAN UTS - 552,92 MPa

TABLE 11.0

BATCH C

No Load (kN) Mean Area ( w 2 ) UTS (MPa)

Cl 13,5 36,63 368,55

C2 16,5 35,01 471,29

C3 17.75 35.04 506,56

C4 17,75 34,75 510,79

C5 14,25 36,84 386,81

MEAN UTS « 448,8  MPa

TABLE 12 .0

BATCH D

No Load (kN) Mean Area (aa2 ) UTS (MPa)

D1 21,75 41,12 528,91

D2 16,5 39,22 420,73

D3 20,05 40,39 496,37

D4 13,5 39,56 341,23

05 12 40,6* 292,27

MEAN UTS - 416,5  MPa

FATIGUE RESULTS OF UNN0TCHE1) SPECIMENS

The results included in previous paragraphs do not include independent tests 

carried out on unnotched spec mens in order for a comparison to be made 

betwejn notched and unnotched specimens.

Their geometry resembles one of the specimens used for UTS so that extra 

modification was avoided. Hatch No A' is given for this particular type 

of spec imen.

BATCH MEAN UTS (MPa)

A' 389.4

Frequency was kept also at 15 Hz.



TABLE 13.0
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MN/m2 % of static strength Endurance XI04 Log a

A * 1 137.7 35.4 3.3 4 .5

A'2 137.7 35.4 1.7 3.2

A' 3 137.7 35.4 4 .4 4.64

A'4 137.7 35.4 2 .3 4.36

A' 5 110.1 28.3 13.0 5.11

A '6 110.1 28.3 13.0 5.11

A'7 110.1 28.3 10.0 4

A ' 8 82.6 21.2 140.0 6.14

A ' 9 8? .6 21.2 38.0 5.57
A' 10 55.1 14.1 840 6.92

A 'll 55.1 14.1 270 .0 6.43

A' 12 46.7 12 15.0 5.17

A'13 46.7 12 19 5.27

A' 14 46.7 12 69 .0 5.83

A'15 38.9 10 53.0 J .72

A ' 16 31.1 8 230.0 6.36

A ’ 17 31.1 8 55.0 5.7

A'18 23.4 6 56.0 5.74

A 'l9 15.6 4 2400.0 7.3

TABLE 14.0

EFFECT OF FREQUENCY ON FATIGUE ENDURANCE

% UTS Frequency Endurance XI f)4

A'20 30% 100 240.0

A'21 30% too 0

A'22 30% 100 31.0

A '23 30% 100 34.0

A '24 30% 100 9.0

A '26 30% 50 28.0

A '29 30% 50 2
A '30 30% 50 0.1
A ' 31 30% 50 26.0

A ' 32 30% 5 29.0

A '33 30% 5 42.0

A ' 35 30% 5 4 7 .C

A ' 36 30% 0.5 0.037

A'37 30% 0.5 0.064

A'38 30% 0.5 0.11

A'40 30% 0.5 0.042

■

<

As can be seeu here by increasing the test frequency from 0.5 Hz to 100 Hz an 

increase in endurance of about 2000:1 was obtained for the same conditions of 

fatigue loading. By contrast, it is usually found that metal specimens show 

an increase of about 2:1 in endurance for similar change in frequency.

1
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FATIGUE RESULTS FROM L ‘’H 'E* SPFX MKNS

The specimen* from batch E are «11 waistod through the thickness.

CFFP is b r i t t l e  and unwanted bending of a specimen can produce high local  

s' resses which cannot be r e l ie v e d .  A specimen waisted in the thickness is 

less susceptible to out of plane misalignment in test machine wedge grips than 

one waisted in the width.

The profile seems to have performed well for fatigue testing.

AVERAGE DTS; 622,1 MPa

d
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TABLE 15 .0 % UTS Frequency No of Cycles Log n

E2 27.19 15 Hz 1 858 900 6.26

E4 27.19 15 Hz 2 110 200 6.32

£6 29.1 15 Hz 7 118 200 6.85

E8 34.9 15 Hz 0 0

E9 34.9 15 Hz 2 150 000 6.33

E14 34.9 15 Hz 6 100 3,78

E15 34.99 15 Hz 37 000 4,56

E16 36.0 15 Hz 5 500 3,74

E3 36.0 15 Hz 675 2,86

E7 35.2 15 Hz 0 0

El 35.2 IS Hz 3 475 3,54

El?. 37.9 15 Hz 13 300 4,12

Ell 37.9 15 Hz 14 200 4,15

El 3 36.2 15 Hz 251 600 5,4

E26 36.2 15 Hz 0 0

El 9 36.2 15 Hz 6 0,77

E24 36.2 15 Hz 3 300 3.51

E25 32.5 15 Hz 45 300 4.65

E31 32.5 15 Hz 434 600 5,63

E29 32.5 15 Hz 2 450 3,38

E27 29.2 15 Hz 434 252 5,6

E36 29.2 15 Hz 692 000 5,8

E22 29.2 15 Hz 1 252 000 5,09

E34 32.5 15 Hz 74 600 4,87

E32 31.5 15 Hz 497 000 5,6

E33 31.5 15 Hz 78 750 4,8

E21 31,5 15 Hz 106 500 5,02

E28 31.5 15 Hz 117 253 5,06

E39 30.3 15 nz 156 300 5,19

E40 30,3 15 Hz 260 803 5,41

E42 30.3 15 Hz 788 000 5,89

E46 30.3 15 Hz 309 400 5,4

E43 30,3 15 nz 819 356 5,91

E45 29.8 15 Hz 659 154 5,81

E49 29.8 15 Hz 1 251 000 6,09

E51 29.8 15 Hz 0 0

E52 29.8 15 Hz 157 2,19

E54 29.8 15 Hz 127 523 5,10

* Specimens missing were destroyed during machining. Spec imens here tested

until catastrophic failure not until matrix cracking occurred such is it

was in the previous case of doul> 1 e notched specimens where a coil  was

attached.
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