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Flexural Test of HFRP Beams: Introdu
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Flexural Test of HFRP Beams: Introductio

Fiber Reinforced Polymers (FRP) H

High specific strength/stiffness
High durability

Low life-cycle costs

Corrosion resistance

Lightweight /

/\\\\\l

Why hybrid FRP?

Hybridization with carbon fibers of glass
fiber composites is known to enhance
fatigue performance and environmental
resistance compared to all-glass composites.

The failure strain of carbon fiber appears to
be greater in a hybrid than in an all-carbon
fiber composite structure.
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Flexural Test of HFRP Beams: Experiments

A number of specimen were tested under four point bending
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Flexural Test of HFRP Beams: Experimen

Mechanical properties of materials

Parameters CFRP GFRP | GFRP GFRP
0/90° +45°

Volume fraction V¢ (%)

E,;, (GPa) 128.1 25.9 11.1 11.1
Young’s modulus
E,, (GPa) 14.9 25.9 11.1 11.1

Shear modulus Cas 5.5 4.4 10.9 4.2
Poisson’s ratio A2 0.32 0.12 0.29 0.31
Flange (%) 33 17 41 9

Volume content
Web (%) 0 43 43 14

Effective mechanical properties of HFRP laminates

“

Compressive strength (MPa) 394 299
Tensile strength (MPa) 884 185
Young’s modulus (GPa) 49.6 17.8
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Flexural Test of HFRP Beams: Experi
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Flexural Test of HFRP Beams: Result
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Flexural Test of HFRP-NSC Composite Beams

Neutral Axis-2

Neutral Axis-1
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Flexural Test of HFRP-NSC Composit
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Flexural Test of HFRP-NSC Composite Bea
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Flexural Test of HFRP-NSC Composite Be

Compression failure of NSC slab Shear failure of HFRP beam
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Flexural Test of HFRP-UHPFRC Composite Be

-

~

UHPFRC = Ultra-High Performance Fiber-Reinforced Concrete
“SUQCEM - SUper High Quality CEmentitious Material”

¢ High strength
¢ High durability
\*1* Reduce weight of structure, etc )

Conventional concrete

UHPFRC
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Flexural Test of HFRP-UHPFRC Composite

UHPFRC

Mix Proportions of UHPFRC (JSCE 2006)

: : 3
_ Unit quantity (kg/m~) Steel fiber
Air content (%) 3
. W.R. (kg/m)
Water Premix cement Sand )
Admixture
2.0 205 1287 898 32.2 137.4

Mechanical properties of UHPFRC

Compressive strength
(N/mm?)

Tensile strength
(N/mm?)

Young Modulus
(KN/mm?)
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Flexural Test of HFRP-UHPFRC Composi

Test variables B = Bolts; T'SA = Slab Anchors; TTBE = Bolts and Epoxy
Beam Shear Epoxy Width of Thickness of Embedded length of
connector bonding UHPFRC slab (mm) UHPFRC slab (mm) bolt (mm)
'B-135-50 Bolt M16 - 135 50 35
MSA-135-50 | Slab anchor M10 - 135 50 35
M1BE-95-50 Bolt M16 o 95 50 35
MBE-135-35 Bolt M16 o 135 35 30
MBE-135-50 Bolt M16 o 135 50 35
. 42.5 50 42.5 72.55022.5
Specimen layouts TT T Unit: mm
& —@@ 2l H— B 100250 150 150 200 150 150 200 150 150100
] HEE!
B (BE)-135-50 & Unit: mm BE-95-50 R
| | Configurations with bolts
42 550425 42 55042 .5
T T Unit: mm
s L7 7 1= %EMQ 460 ‘80‘ 420 |80| 420 |80‘ 210
o o cL
BE-135-35 Unit: mm SA-135-50

Configurations with slab anchors
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Flexural Test of HFRP-UHPFRC Compo

Test setup

Stiffener
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Flexural Test of HFRP-UHPFRC Compositt

¢ Load-deflection relationship < Failure mode
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HFRP-UHPFRC » ¢ Increase flexural strength and stiffness
Composite girder +** Prevent fracture of HFRP in the compressive flange

Shear connectors

combined with » +* Increase stiffness
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Flexural Test of HFRP-UHPFRC Composi

< Strain distribution at mid-span section
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Flexural Test of HFRP-UHPFRC Composi

UHPFRC Flexural Test Results at Failure of HFRP-UHPFRC Composite Beam
Predicted Actual
0.85f Beam failure load, failure load, Predicted/actual failure mode
. kN kN
& B-135-50 — 438 Compression — UHPFRC
é SA-135-50 930 Delamination — HFRP top
£ flange
° BE-95-50 384 382 Compression — UHPFRC
BE-135-35 411 394 Compression — UHPFRC
0.85./E.  0.0035 BE-135-50 481 470 Compression — UHPFRC
Strain HFRP-NSC — 427 Compression — NSC
Bi-linear relationship for UHPFRC (JSCE 2006)
600
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Conclusions

1) The investigated HFRP beams behave linearly under flexural load and
failed suddenly without forewarning. The failure was crushing of fibers
near the loading point due to load concentration followed by the
delamination of the compressive flange between the interface of CFRP
and GFRP layers.

2) Composite beams consisting of HFRP beams and concrete topping slabs
significantly improve their flexural stiffness and effectively utilize the
superior properties of the HFRP materials.

3) The use of UHPFRC slab is more effective than NSC slab in terms of
structural stiffness and weight.

4) HFRP-UHPFRC composite beams with headed bolt shear connectors
provide considerable stiffness and strength increase compared with HFRP
beams without concrete topping slab.

5) Composite beams with epoxy bonding between the UHPFRC slab and
HFRP beam top flange showed an approximately 15% increase in flexural
stiffness than beams connected with bolts only.
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