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APPENDIX A

THE HOOP STRESS IN A THIN SHELL
SUBJECT TO INTERNAL PRESSURE
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If 8 is small arc length ~ Ez)— de

Radial component of force on element =1, —zq.de
. . D .
Vertical force component actingon element = f, —2—.d8. singd
: % D
Total vertical force = J. f; —Z—sme dé =f.D
0

Vertical equilibrium 2f,t =f.D

f ='—‘f6
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APPENDIX B

EXPERIMENTAL STRESS-STRAIN CURVES FOR CONCRETE-FILLED
E-GLASS FRP-COMPOSITE STUB COLUMNS
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Figure B.1. Stress-strain curves for the 60 mm diameter concrete-filled stub

columns confined with E-glass fibres orientated at 75.5 degrees.
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Figure B.2. Stress-strain curves for the 80 mm diameter concrete-filled stub

columns confined with E-glass fibres (nominal concrete cube

strength = 25 N/mm?)
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Figure B.3. Stress-strain curves for the 80 mm diameter concrete-filled stub

columns confined with E-glass fibres (nominal concrete cube

strength = 35 N/mm?)
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Figure B.4. Stress-strain curves for the 100 mm diameter concrete-filled

stub columns confined with E-glass fibres (nominal concrete

cube strength = 25 N/mm?)
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Figure B.5. Stress-strain curves for the 100 mm diameter concrete-filled

stub columns confined with E-glass fibres (nominal concrete

cube strength = 35 N/mm?)
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Figure B.6. Stress-strain curves for the 125 mm diameter concrete-filled

stub columns confined with E-glass fibres orientated at 82.3

degrees
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Figure B.7. Stress-strain curves for the 150 mm diameter concrete-filled

stub columns confined with E-glass fibres (nominal concrete

cube strength = 25 N/mm?)

319



200 ~

180 -
160 -+
140 A
(o]
g 120
£
r4 Fibre Orientation
§ —&— 83.6 Degrees
Sug
@ ——71.3 Degrees
= —&—438.0 Degrees
=
<
~#————— Circumferential Axial ———»
-60000 -40000 -20000 0 20000 40000 60000
- Strain, ue
Figure B.8. Stress-strain curves for the 150 mm diameter concrete-filled

stub columns confined with E-glass fibres (nominal concrete

cube strength = 35 N/mm?)
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Figure B.9. Stress-strain curves for the 300 mm diameter concrete-filled

stub columns confined with E-glass fibres orientated at 86.8

degrees
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Figure B.10. Stress-strain curves for the 400 mm diameter concrete-filled

stub columns confined with E-glass fibres orientated at 87.6

degrees
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APPENDIX C

EXPERIMENTAL STRESS-VOLUMETRIC STRAIN CURVES
FOR CONCRETE-FILLED E-GLASS FRP-COMPOSITE
STUB COLUMNS
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Figure C.1. Stress-volumetric strain curves for the 80 mm diameter

concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 25 N/mm?®)
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Figure C.2. Stress-volumetric strain curves for the 80 mm diameter

concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 35 N/mm?)
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Figure C.3. Stress-volumetric strain curves for the 100 mm diameter

concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 25 N/mm?)
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Figure C.4. Stress-volumetric strain curves for the 100 mm diameter

concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 35 N/mm?)
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Figure C.5. Stress-volumetric strain curves for the 125 mm diameter
concrete-filled stub columns confined with E-glass fibres

orientated at 82.3 degrees
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Stress-volumetric strain curves for the 150 mm diameter

Figure C.6.

concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 25 N/mm?)
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Stress-volumetric strain curves for the 150 mm diameter
concrete-filled stub columns confined with E-glass fibres

(nominal concrete cube strength = 35 N/mm?)
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Figure C.8. Stress-volumetric strain curves for the 300 mm diameter

concrete-filled stub columns confined with E-glass fibres

orientated at 86.8 degrees
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Figure C.9. Stress-volumetric strain curves for the 400 mm diameter

concrete-filled stub columns confined with E-glass fibres

orientated at 87.6 degrees
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APPENDIX D

COMPARISON OF THE THEORETICAL AND EXPERIMENTAL
STRESS-STRAIN CURVES FOR CONCRETE-FILLED E-GLASS
FRP-COMPOSITE STUB COLUMNS WITH A NOMINAL
90 DEGREE FIBRE ORIENTATION
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Figure D.1. Comparison of the theoretical and experimental stress-strain

curves for the 80 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 78.1 degrees (concrete
cube strength = 23.4 N/mm?)
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Figure D.2. Comparison of the theoretical and experimental stress-strain

curves for the 80 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 78.1 degrees (concrete

cube strength = 35.2 N/mm?)
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Figure D.3. Comparison of the theoretical and experimental stress-strain

curves for the 100 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 80.4 degrees (concrete
cube strength = 19.7 N/mm?)
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Figure D.4. Comparison of the theoretical and experimental stress-strain

curves for the 100 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 80.4 degrees (concrete
cube strength = 36.2 N/mm?)
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Figure D.5. Comparison of the theoretical and experimental stress-strain

curves for the 125 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 82.3 degrees (concrete
cube strength = 29.2 N/mm?)
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Figure D.6. Comparison of the theoretical and experimental stress-strain

curves for the 125 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 82.3 degrees (concrete
cube strength = 37.5 N/mm®)
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Figure D.7. Comparison of the theoretical and experimental stress-strain

curves for the 150 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 83.6 degrees (concrete
cube strength = 27.4 N/mm?)
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Figure D.8. Comparison of the theoretical and experimental stress-strain

curves for the 150 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 83.6 degrees (concrete
cube strength = 46.3 N/mm?)
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Figure D.9. Comparison of the theoretical and experimental stress-strain

curves for the 300 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 86.8 degrees (concrete
cube strength = 34.0 N/mm?)

342



200 -

180 -
160 4
140 -
o~
g 120 4
E
Z
?) 100 - —&— Experimental
5 —— Predicted
7]
=
]
«
Circumferential Axial
e —eeee
| 4 ] 0 1] i ] 1
-40,000 -20,000 0 20,000 40,000 60,000
- Strain, u¢

Figure D.10.  Comparison of the theoretical and experimental stress-strain
curves for the 300 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 86.8 degrees (concrete
cube strength = 38.6 N/mm?)
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Figure D.11.  Comparison of the theoretical and experimental stress-strain

curves for the 400 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 87.6 degrees (concrete
cube strength = 32.3 N/mm?)
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Figure D.12.  Comparison of the theoretical and experimental stress-strain
curves for the 400 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 87.6 degrees (concrete
cube strength = 40.8 N/mm?)
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APPENDIX E

COMPARISON OF THE THEORETICAL AND EXPERIMENTAL
STRESS-VOLUMETRIC STRAIN CURVES FOR CONCRETE-FILLED
E-GLASS FRP-COMPOSITE STUB COLUMNS WITH A NOMINAL
90 DEGREE FIBRE ORIENTATION
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Comparison of the theoretical and experimental stress-
volumetric strain curves for the 80 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 78.1
degrees (concrete cube strength = 23.4 N/mm®)
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Comparison of the theoretical and experimental stress-
volumetric strain curves for the 80 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 78.1
degrees (concrete cube strength = 35.2 N/mm®)
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Figure E.3. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 100 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 80.4
degrees (concrete cube strength = 19.7 N/mm?)
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Figure E.4. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 100 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 80.4
degrees (concrete cube strength = 36.2 N/mm?)
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Figure E.S. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 125 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 82.3

degrees (concrete cube strength = 29.2 N/mm?®)

351



200 -

180 A
160 -
140 -
(o]
= 120 -
= S
4
) 100 - —&— Experimental
3
g —— Predicted
)
g
5 80 1
<
60
40 4\¢
20 A
-10,000  -5,000 0 5,000 10,000 15,000 20,000
- Volumetric Strain, us,
Figure E.6. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 125 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 82.3

degrees (concrete cube strength = 37.5 N/mm?)
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Figure E.7. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 150 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 83.6
degrees (concrete cube strength = 27.4 N/mm?)
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Figure E.8. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 150 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 83.6

degrees (concrete cube strength = 46.3 N/mmz)
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Figure E.9. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 300 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 86.8
degrees (concrete cube strength = 34.0 N/mm?)
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Figure E.10.  Comparison of the theoretical and experimental stress-
volumetric strain curves for the 300 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 86.8
degrees (concrete cube strength = 38.6 N/mmz)
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Figure E.11.  Comparison of the theoretical and experimental stress-

volumetric strain curves for the 400 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 87.6

degrees (concrete cube strength = 32.3 N/mm®)
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Figure E.12.  Comparison of the theoretical and experimental stress-

volumetric strain curves for the 400 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 87.6

degrees (concrete cube strength = 40.8 N/mm?)
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APPENDIX F

COMPARISON OF THE THEORETICAL AND EXPERIMENTAL
STRESS-VOLUMETRIC STRAIN CURVES FOR CONCRETE-FILLED
E-GLASS FRP-COMPOSITE STUB COLUMNS WITH A NOMINAL
672 DEGREE FIBRE ORIENTATION
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Figure F.1. Comparison of the theoretical and experimental stress-strain

curves for the 80 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 57.8 degrees (concrete
cube strength = 22.6 N/mm?)
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Figure F.2. Comparison of the theoretical and experimental stress-strain

curves for the 80 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 57.8 degrees (concrete
cube strength = 32.8 N/mm?)
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Figure F.3. Comparison of the theoretical and experimental stress-strain

curves for the 100 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 71.4 degrees (concrete

cube strength = 28.2 N/mm?)
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Figure F.4. Comparison of the theoretical and experimental stress-strain

curves for the 100 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 71.4 degrees (concrete
cube strength = 25.6 N/mm?)
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curves for the 150 mm diameter concrete-filled stub column

confined with E-glass fibres orientated at 71.3 degrees (concrete

cube strength = 32.7 N/mm?)
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Figure F.6. Comparison of the theoretical and experimental stress-strain

curves for the 150 mm diameter concrete-filled stub column
confined with E-glass fibres orientated at 71.3 degrees (concrete
cube strength = 31.7 N/mm?)
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Figure F.7. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 80 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 57.8
degrees (concrete cube strength = 22.6 N/mm?)
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Figure F.8. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 80 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 57.8

degrees (concrete cube strength = 32.8 N/mm?)
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Comparison of the theoretical and experimental stress-
volumetric strain curves for the 100 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 71.4
degrees (concrete cube strength = 28.2 N/mm®)
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Figure F.10. Comparison of the theoretical and experimental stress-
volumetric strain curves for the 100 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 71.4

degrees (concrete cube strength = 25.6 N/mm?)
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Figure F.11. Comparison of the theoretical and experimental stress-

volumetric strain curves for the 150 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 71.3
degrees (concrete cube strength = 32.7 N/mm?)
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Figure F.12. Comparison of the theoretical and experimental stress-
volumetric strain curves for the 150 mm diameter concrete-filled
stub column confined with E-glass fibres orientated at 71.3
degrees (concrete cube strength = 31.7 N/mm?)
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APPENDIX G

EXPERIMENTAL LOAD-DEFLECTION CURVES FOR
CONCRETE-FILLED E-GLASS FRP-COMPOSITE
COLUMNS
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Load-deflection curves for the 80 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?)
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Load-deflection curves for the 80 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?®)
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Load-deflection curves for the 80 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Figure G 4. Load-deflection curves for the 80 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure G.5. Load-deflection curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?®)
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Figure G.6. Load-deflection curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Load-deflection curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Load-deflection curves for the 100 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure G.9. Load-deflection curves for the 150 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?)

381



1000 -

900 -

800 -

700 -

600 A

Fibre Orientation
500 1 —&— 83.6 Degrees

—O—71.3 Degrees

Axial Load kN

—&—48.0 Degrees
400 -

300

200

100

- 0 ¥ T T T T 1 ] i

0 5 10 15 20 25 30 35

Lateral Deflection mm

Figure G.10.  Load-deflection curves for the 150 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Figure G.11.  Load-deflection curves for the 150 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Figure G.12.  Load-deflection curves for the 150 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure G.13.  Load-deflection curves for the 125 mm diameter concrete-filled

FRP-composite columns confined with E-glass fibres orientated

at 82.3 degrees
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Figure G.14.  Load-deflection curves for the 200 mm diameter concrete-filled
FRP-composite columns confined with E-glass fibres orientated
at 85.2 degrees
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APPENDIX H

EXPERIMENTAL LOAD-STRAIN CURVES FOR
CONCRETE-FILLED E-GLASS FRP-COMPOSITE
COLUMNS
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Figure H.1. Load-strain curves for the 80 mm diameter concrete-filled FRP-

composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.2. Load-strain curves for the 80 mm diameter concrete-filled FRP-

composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.3, Load-strain curves for the 80 mm diameter concrete-filled FRP-

composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.4 Load-strain curves for the 80 mm diameter concrete-filled FRP-

composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.5. Load-strain curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.6. Load-strain curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.7. Load-strain curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.8. Load-strain curves for the 100 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.9. Load-strain curves for the 150 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.10.  Load-strain curves for the 150 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.11.  Load-strain curves for the 150 mm diameter concrete-filled

FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Figure H.12.  Load-strain curves for the 150 mm diameter concrete-filled
FRP-composite columns with a slenderness ratio of 10 (nominal

concrete cube strength = 35 N/mm?)
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Figure H.13.  Load-strain curves for the 125 mm diameter concrete-filled

FRP-composite columns confined with E-glass fibres orientated

at 82.3 degrees
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Figure H.14.  Load-strain curves for the 200 mm diameter concrete-filled

FRP-composite columns confined with E-glass fibres orientated

at 85.2 degrees
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APPENDIX I

EXPERIMENTAL MOMENT-CURVATURE RELATIONSHIPS
FOR CONCRETE-FILLED E-GLASS FRP-COMPOSITE
COLUMNS
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Moment-curvature relationships for the 80 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 5 (nominal concrete cube strength = 25 N/mm?)
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Moment-curvature relationships for the 80 mm diameter

concrete-filled FRP-composite columns with a slenderness ratio

of 5 (nominal concrete cube strength = 35 N/mm?®)
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Moment-curvature relationships for the 80 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 25 N/mm®)
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Moment-curvature relationships for the 80 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 35 N/mm?®)
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Moment-curvature relationships for the 100 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 5 (nominal concrete cube strength = 25 N/mm?)
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Moment-curvature relationships for the 100 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 25 N/mm?)
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Figure L8. Moment-curvature relationships for the 100 mm diameter
concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 35 N/mm®)
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Moment-curvature relationships for the 150 mm diameter

concrete-filled FRP-composite columns with a slenderness ratio

of 5 (nominal concrete cube strength = 25 N/mm?)
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Figure 1.10. Moment-curvature relationships for the 150 mm diameter

concrete-filled FRP-composite columns with a slenderness ratio

of 5 (nominal concrete cube strength = 35 N/mm?)
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Figure L.11. Moment-curvature relationships for the 150 mm diameter

concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 25 N/mm?)
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Figure 1.12. Moment-curvature relationships for the 150 mm diameter

concrete-filled FRP-composite columns with a slenderness ratio

of 10 (nominal concrete cube strength = 35 N/mm?)
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Figure 1.13. Moment-curvature relationships for the 125 mm diameter

concrete-filled FRP-composite columns confined with E-glass
fibres orientated at 82.3 degrees
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Figure 1.14. Moment-curvature relationships for the 200 mm diameter

concrete-filled FRP-composite columns confined with E-glass
fibres orientated at 85.2 degrees
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APPENDIX J

EXPERIMENTAL LOAD-DEFECTION CURVES FOR CONCRETE-
FILLED E-GLASS FRP-COMPOSITE COLUMNS REINFORCED
LONGITUDINALLY WITH CARBON FRP-COMPOSITE BARS
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Load-deflection curves for the 80 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal carbon FRP-

composite bars (slenderness ratio = 5)
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Load-deflection curves for the 80 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal carbon FRP-

composite bars (slenderness ratio = 10)
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Figure J.3. Load-deflection curves for the 100 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal carbon FRP-

composite bars (slenderness ratio = 5)
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Load-deflection curves for the 100 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal carbon FRP-

composite bars (slenderness ratio = 10)
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Figure J.5. Load-deflection curves for the 150 mm diameter concrete-filled

E-glass FRP-composite columns with longitudinal carbon FRP-

composite bars
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APPENDIX K

EXPERIMENTAL LOAD-DEFECTION CURVES FOR CONCRETE-
FILLED E-GLASS FRP-COMPOSITE COLUMNS REINFORCED
LONGITUDINALLY WITH E-GLASS FRP-COMPOSITE BARS
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Figure K.1. Load-deflection curves for the 80 mm diameter concrete-filled

E-glass FRP-composite columns with longitudinal E-glass FRP-

composite bars

424



600 -

500
/D=5
o LID=5

400 -
=
]
S 300 -
c A . LD=10
2 i ’ —e L/D=10

200 4 g
0 - —&— Longitudinal reinforcement - 3.84% E-glass
Orientation of confining fibres 80.4 Degrees
100 + { —0— Longitudinal reinforcement - None
] Orientation of confining fibres 80.4 Degrees
|
|
- 0 i L] t i i ]
0 5 10 15 20 25
Lateral Deflection mm
Figure K.2. Load-deflection curves for the 100 mm diameter concrete-filled

E-glass FRP-composite columns with longitudinal E-glass FRP-

composite bars
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Load-deflection curves for the 150 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal E-glass FRP-
composite bars and a slenderness ratio of 5 (nominal concrete

cube strength = 25 N/mm?)
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Figure K 4. Load-deflection curves for the 150 mm diameter concrete-filled

E-glass FRP-composite columns with longitudinal E-glass FRP-

composite bars and a slenderness ratio of 5 (nominal concrete

cube strength = 35 N/mm?®)
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Load-deflection curves for the 150 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal E-glass FRP-
composite bars and a slenderness ratio of 10 (nominal concrete

cube strength = 25 N/mm?)
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Load-deflection curves for the 150 mm diameter concrete-filled
E-glass FRP-composite columns with longitudinal E-glass FRP-
composite bars and a slenderness ratio of 10 (nominal concrete

cube strength = 35 N/mm?)
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APPENDIX L

EXPERIMENTAL MOMENT-CURVATURE RELATIONSHIPS
FOR CONCRETE-FILLED E-GLASS FRP-COMPOSITE COLUMNS
REINFORCED LONGITUDINALLY WITH FRP-COMPOSITE BARS
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Figure L.1. Moment-curvature relationships for the 80 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with carbon FRP-composite bars (slenderness

ratio = 5)
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Moment-curvature relationships for the 80 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with carbon FRP-composite bars (slenderness

ratio = 10)
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Moment-curvature relationships for the 100 mm diameter
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longitudinally with carbon FRP-composite bars (slenderness
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Figure L.4. Moment-curvature relationships for the 100 mm diameter

concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with carbon FRP-composite bars (slenderness
ratio = 10)
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Moment-curvature relationships for the 150 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced

longitudinally with carbon FRP-composite bars
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Figure L.6.

Moment-curvature relationships for the 80 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with E-glass FRP-composite bars
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Figure L.7. Moment-curvature relationships for the 100 mm diameter

concrete-filled E-glass FRP-composite columns, reinforced

longitudinally with E-glass FRP-composite bars

437



35 1

30 4

25 -

Moment kNm
N
<

R
W
1

10 -

—e&— Longitudinal reinforcement - 5.94% E-glass
Orientation of confining fibres 83.6 Degrees

—&~ Longitudinal reinforcement - 5.94% E-glass
Orientation of confining fibres 71.3 Degrees

—a— Longitudinal reinforcement -5.94% E-glass
Orientation of confining fibres 48.0 Degrees

= —o— Longitudinal reinforcement - None
Orientation of confining fibres 83.6 Degrees

—— Longitudinal reinforcement - None
Orientation of confining fibres 71.3 Degrees

—A— Longitudinal reinforcement - None
Orientation of confining fibres 48.0 Degrees

Figure L.8.

0.0001

0.0002 0.0003 0.0004 0.0005

Curvature mm™

Moment-curvature relationships for the 150 mm diameter concrete-

filled E-glass FRP-composite columns, reinforced longitudinally

with E-glass FRP-composite bars and a slenderness ratio of 5

(nominal concrete cube strength = 25 N/mm?)
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Figure L.9. Moment-curvature relationships for the 150 mm diameter

concrete-filled E-glass FRP-composite columns, reinforced

longitudinally with E-glass FRP-composite bars and a slenderness

ratio of 5 (nominal concrete cube strength = 35 N/mm?)
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Figure L.10.  Moment-curvature relationships for the 150 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with E-glass FRP-composite bars and a slenderness

ratio of 10 (nominal concrete cube strength = 25 N/mm?®)
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Figure L.11.  Moment-curvature relationships for the 150 mm diameter
concrete-filled E-glass FRP-composite columns, reinforced
longitudinally with E-glass FRP-composite bars and a slenderness

ratio of 10 (nominal concrete cube strength = 35 N/mm?®)

441



APPENDIX M

EXPERIMENTAL LOAD-STRAIN CURVES FOR CONCRETE-FILLED
E-GLASS FRP-COMPOSITE COLUMNS REINFORCED
LONGITUDINALLY WITH FRP-COMPOSITE BARS
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Figure M.1. Load-strain curves for the 80 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with

FRP-composite bars (slenderness ratio = 5)
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Load-strain curves for the 80 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with

FRP-composite bars (slenderness ratio = 10)

444



600 A

500

400 -

Axial Load kN
(98]
8

—>— Longitudinal reinforcement - 3.84% E-glass

200 A Orientation of confining fibres 80.4 Degrees

—&— Longitudinal reinforcement - 3.84% Carbon
Orientation of confining fibres 80.4 Degrees

—&— Longitudinal reinforcement - 3.84% Carbon
Orientation of confining fibres 71.4 Degrees

100 +
—a— Longitudinal reinforcement -3.84% Carbon

Orientation of confining fibres 49.9 Degrees

0 ¥ ] L] L] 1 | L] L}

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

Compressive Strain ug

Figure M.3. Load-strain curves for the 100 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with

FRP-composite bars (slenderness ratio = 5)
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Figure M.4. Load-strain curves for the 100 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with

FRP-composite bars (slenderness ratio = 10)
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Figure M.5. Load-strain curves for the 150 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with
FRP-composite bars and a slenderness ratio of 5 (nominal

concrete cube strength = 25 N/mm?®)
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Figure M.6. Load-strain curves for the 150 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with
FRP-composite bars and a slenderness ratio of 5 (nominal

concrete cube strength = 35 N/mm?)
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Figure M.7. Load-strain curves for the 150 mm diameter concrete-filled E-
glass FRP-composite columns, reinforced longitudinally with
FRP-composite bars and a slenderness ratio of 10 (nominal

concrete cube strength = 25 N/mm?)
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Prnre MLS. Load-strain curves for the 150 mm diameter concrete-filled E-glass
FRP-composite columns, reinforced longitudinally with FRP-
composite bars and a slenderness ratio of 10 (nominal concrete

cube strength = 35 N/mm?)
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