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Introduction

▪ Fibre reinforced polymers (FRP) have been increasingly 

used in civil applications:
✓ Pultrusion manufacturing method

✓ Light weight 

✓ High strength in certain direction 

✓ Excellent corrosion resistance 

The Eyecatcher Building

(Basel, Switzerland) [1]

Monash University FRP Footbridge

(Melbourne, Australia)

Swanston Square 

(Melbourne, Australia) [2]

FRP loading bearing 

frame

FRP sandwich deck

Façade made 

from FRP panels

Pultruded FRP 

profiles
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Introduction

▪ In the past decade, numerous studies have focused on

developing better connection systems for FRP structures

Insufficient stiffness and strength

Lack of ductility at failure

Complex and uneconomical design

Connections for 

FRP I-shaped 

members

Connections for 

FRP tubular 

members 

(both bolted and 

bonded)

✓Close sections 

showed improved 

local buckling 

resistance, 

torsional rigidity, 

weak axis stiffness 

and strength over 

open sections

Universal 

Connector

Wrapped angle 

connection

Seated angle 

connection

Bolted 

through 

connection

Steel 

connection

Approximate 

cuff 

connection

Gusset 

connection
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Introduction

▪ Bonded Sleeve Connections (BSC) were proposed for FRP 

beam-column applications

✓ Ductile failure through 

yielding of steel endplate

✓ Sufficient stiffness and 

strength for moment-resisting 

frames

✓ Both flanges of column 

engaged by through bolts and 

back plate

✓ Simple design & allow easy 

assemble and disassemble



STATIC 

PERFORMANCE 
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Static Performance 

▪ To investigate the mechanical performance of BSC for FRP 

beam to FRP column [3] Investigate the effect of :

✓ Bond length (B)

✓ Number of bolts (N)

Specimen NO. of bolts Bond length

N4B80 4 80 mm

N4B160 4 160 mm

N8B80 8 80 mm

N8B160 8 160 mm
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Static Performance

▪ Failure of N4B80 & N8B80

Cohesive failure and web-

flange cracking of FRP beam
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Static Performance

▪ Failure of N4B160 & N8B160

Yielding of steel endplate > transverse compressive failure of FRP 

column > web crippling of FRP column
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Static Performance

✓ All BSC specimens can be 

classified as semi-rigid 

connections based on Eurocode 

3 for steel structures [4]

Specimen
ki

(kN.m/rad)

% of 

krigid

Mu

(kN.m)

N4B80 275 10.1 % 4.06

N8B80 295 10.9 % 4.67

N4B160 300 11.1 % 6.34

N8B160 390 14.4 % 7.06

In comparison to existing connections

✓ % krigid of BSC were  greater than most 

existing connections for I-shaped section 

(<5%);

✓ % krigid of BSC were comparable to those 

for tubular sections with both bolted and 

bonded methods (13% - 18%). 

▪ Rotational stiffness and strength of specimens



CYCLIC 

PERFORMANCE 
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Cyclic Performance 

▪ To investigate the energy dissipation capacity of BSC for 

FRP beam to FRP column [5]
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Number of Cycles

AISC Seismic 

Provisions for 

Structural Steel 

Buildings [6]

Specimen
NO. of 

bolts

Plate 

thickness

N4B160T6 4 6 mm

N8B160T6 8 6 mm

N8B160T8 8 8 mm
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Cyclic Performance 

▪ To investigate the energy dissipation capacity of BSC for 

FRP beam to FRP column [5]

Specimen
NO. of 

bolts

Plate 

thickness

N4B160T6 4 6 mm

N8B160T6 8 6 mm

N8B160T8 8 8 mm
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Cyclic Performance

▪ Moment-rotation hysteretic curves

N4B160T6 N8B160T6 N8B160T8

✓ All specimens show elastic responses in C1 to 

C6, and show stiffness degradation after C7.

✓ Main reason for stiffness degradation in 

specimens N4B160T6 and N8B160T6 was due 

to yielding of the front endplate.
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Cyclic Performance

▪ Moment-rotation hysteretic curves

✓ A large drop in load capacity in 

specimens N4B160T6 and 

N8B160T8 due to cracking at the 

web-flange junction of the GFRP 

beam.

N4B160T6 N8B160T6 N8B160T8
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Cyclic Performance

✓ Number of through-bolts has 

minor effect on stiffness

✓ Increase in the front endplate 

thickness has positive effect. 

✓ Specimens N4B160T6 and N8B160T6 

showed satisfactory energy dissipation 

capacity, and exhibited excellent ductility 

from 4.05 to 4.95. 

▪ Envelop curves ▪ Energy dissipation capacity
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Conclusion

▪ A bonded sleeve connection is proposed for tubular FRP 

beam-column assembly

▪ Static and cyclic test results

✓ Ultimate failure by web-flange cracking of FRP beam or web 

crippling of FRP column

✓ ductile failure and energy dissipation through yielding of steel 

endplate

▪ This work proves that the bonded sleeve connection is a 

viable means for assembly of FRP frames
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