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Figure B.21 Predicted in-plane strain
(&2) of model I
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Figure B.23 Predicted through-thickness Figure B.24 Predicted through-thickness
strain (&3) of model F4 stress (03) of model I
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Figure B.25 Predicted in-plane strain Figure B.26 Predicted in-plane stress
(€1) of model F's (o1) of model F's
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Figure B.27 Predicted in-plane strain Figure B.28 Predicted in-plane stress
(&2) of model F's (03) of model F's
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Figure B.29 Predicted through-thickness Figure B.30 Predicted through-thickness
strain (&3) of model F's stress (03) of model F's
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Figure B.31 Predicted in-plane strain Figure B.32 Predicted in-plane stress
(£1) of model Fg (01) of model Fg
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Figure B.33 Predicted in-plane strain Figure B.34 Predicted in-plane stress
(&) of model Fg (03) of model Fg
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Figure B.35 Predicted through-thickness Figure B.36 Predicted through-thickness
strain (&) of model Fg stress (03) of model Fg
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Figure C.1 Post-cure strains at position 1
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Figure C.2 Post-cure strains at position 2
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APPENDIX C. Recorded post-cure strains of nozzle-vessel connection
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Post-cure shrinkage (u-strain)
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Figure C.3 Post-cure strains at position 3
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Figure C.4 Post-cure strains at position 4
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Post-cure shrinkage (u-strain)

Post-cure shrinkage (u-strain)
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Figure C.5 Post-cure strains at position 5
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Figure C.6 Post-cure strains at position 6
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Post-cure shrinkage (u-strain)

Post-cure shrinkage (u-strain)
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Figure C.7 Post-cure strains at position 7
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Figure C.8 Post-cure strains at position 8
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Figure C.9 Post-cure strains at position 9
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Figure C.10 Post-cure strains at position 10
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Figure C.11 Post-cure strains at position 11
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Figure C.12 Post-cure strains at position 12
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Post-cure shrinkage (p-strain)

Post-cure shrinkage (p-strain)
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Figure C.13 Post-cure strains at position 13
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Figure C.14 Post-cure strains at position 14
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Post-cure shrinkage (u-strain)

O

Central University of
Technology, Free State
1500
1000 A\/\
500 /W
0 //
-500 / /
-1000 /
-1500 /
‘2000 T T SaE T T T T
20 30 40 50 60 70 80 90 100
Temperature (°C)
—gl —sg2
Figure C.15 Post-cure strains at position 15
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Figure C.16 Post-cure strains at position 16
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Figure C.17 Post-cure strains at position 17
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Figure C.18 Post-cure strains at position 18
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APPENDIX D. Post-cure stress and strain distributions in nozzle to

dished-end connection

Figure D.1 Predicted in-plane strain (&) Figure D.2 Predicted in-plane stress
of model D (o71) of model D,

Tensor

Figure D.3 Predicted in-plane strain (&) Figure D.4 Predicted in-plane stress
of model D (02) of model D,

© Central University of Technology, Free State



0 161

Central University of
Technology, Free State

Figure D.5 Predicted through-thickness Figure D.6 Predicted through-thickness
strain (&3) of model D, stress (03) of model D

Von Mises

Figure D.7 Predicted Von Mises stress
of model D
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Figure D.8 Predicted in-plane strain (&}) Figure D.9 Predicted in-plane stress
of model D, (o1) of model D

Figure D.10 Predicted in-plane strain Figure D.11 Predicted in-plane stress
(&2) of model D> (02) of model D),
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Figure D.12 Predicted through-ickness Figure D.13 Predicted through-thickness
strain (&3) of model D, stress (03) of model D,

Von Mises
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Figure D.14 Predicted Von Mises stress
of model D;
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Figure D.15 Predicted in—plané"strain Figure D.16 Predicted in-plane stress
(€1) of model D3 (03) of model Dj

Figure D.17 Predicted in-plane strain Figure D.18 Predicted in-plane stress
(&2) of model D (02) of model D;
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Figure D.19 Predicted through-thickness Figure D.20 Predicted through-thickness
strain (&) of model D3 stress (03) of model D

Figure D.21 Predicted Von Mises stress
of model D;
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Figure D.22 Predicted in-plane strain
(&1) of model D

Figure D.24 Predicted in-plane strain
(&2) of model D

Figure D.23 Predicted in—plae stress
(01) of model D
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Figure D.25 Predicted in-ple stress
(03) of model D4
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Figure D.26 Predicted through-thickness Figure D.27 Predicted through-thickness
strain (&) of model D stress (03) of model D

Von Mises

\J

Figure D.28 Predicted Von Mises Iress
of model D4
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Figure D.29 Predicted in-plan;:strain Figure D.30 Predicted in-plane stress
(€1) of model D5 (07) of model D5

Figure D.31 Predicted in-plane strain Figure D.32 Predicted in-plane stress
(&2) of model Ds (03) of model Ds
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Figure D.33 Predicted through-thickness Figure D.34 Predicted through-thickness
strain (&3) of model D's stress (03) of model D

Vor Mises

Figure D.35 Predicted Von Mises stress
of model D5
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Figure D.36 Predicted in-plane strain Figure D.37 Predicted in-plane stress
(&1) of model D¢ (071) of model D¢
Tensor
19.091
t15.073
o 1|1 54
3.018
-.0me
-5.0185
-5.0367
Figure D.38 Predicted in-plane strain Figure D.39 Predicted in-plane stress

(&2) of model D¢ (02) of model Dg
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Figure D.40 Predicted Ihrough—ibickness Figure D.41 Predicted through-thickness
strain (&3) of model Dy stress (03) of model D

Figure D.42 Predicted Von Mises stress
of model D¢
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APPENDIX E. Papers presented at conferences and publications

e ] F Oosthuizen & M A Stone, "RESIDUAL STRESSES IN CSM/VINYL ESTER
RESIN LAMINATES DUE TO POST-CURE SHRINKAGE", Proceedings of the 1%
International Conference on Composites Science and Technology, 1996, pp. 365-370.
Published in Composite Structures, Vol. 39 Nos 3-4, pp. 303-307, 1997.

e ] F Oosthuizen, "POST-CURE SHRINKAGE STRESSES IN GRP TUBES", Paper
presented at the 9" Wits RP/Composites Conference, Midrand, South Africa,
September 1996.

e ] F Qosthuizen and W H Groenewald, "CURING STRAINS DEVELOPED DURING
THE MANUFACTURE OF GRP TUBES", Paper presented at /™ International
Conference on Composite Materials, Gold Coast, Queensland, Australia, 1997.
Published in the proceedings of the 11™ International Conference on Composite
Materials, 1997, Vol. 1V, pp. 324-332.

e ] F Oosthuizen, "CURING "SHRINKAGE" OF GRP TUBES DURING HAND LAY-
UP", Paper presented at the 10" Wits RP/Composites Conference, Midrand, South
Africa, October 1997.

e J F Oosthuizen & M A Stone, "POST CURE SHRINKAGE IN HUBBED FULL
FACE FLANGE", Paper presented at the 13" Annual Technical Conference of the
American Society for Composites, Baltimore, Maryland, USA, 21-23 September 1998.

th

Published in the proceedings of the 13" Annual Technical Conference of the American

Society for Composites, 1998, pp. 827-836.
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