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Study on Bending Reinforcement Effect of Steel Girder Using CFRP Molded Plate
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Abstract

In composite girders, only steel girders remain when the floor slab is removed during slab
replacement. This can lead to lateral buckling of the steel girders necessitating reinforcement. One
method of reinforcing steel structures involves using high-strength, highly elastic, lightweight, and
non-corrosive carbon fiber reinforced plastic (CFRP). However, the effectiveness of CFRP
reinforcement in preventing lateral buckling has not been fully confirmed. In this study, the effect
of reinforcement on lateral buckling was verified through four-point bending tests on steel girder
specimens reinforced by the CF bypass method. As a result, it is considered that the load capacity
against lateral buckling can be controlled by improving the bending rigidity of the steel girder
through reinforcement, but the effect of improving the stress level at the occurrence of lateral

buckling is considered to be small.
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Used material property

(a) Steel
Material Item Unit |Design value| Test value
Elastic modulus | N/mm?| 200000 -
326 (F1
Steel Yield strength | N/mm? 240 308 ((ng))
e
SS400
o Tensile strength | N/mm? 430 (Flg)
ensile stren; mm -
€ 454 (Web)
(b) CFRP sheet
Material Item Unit |Design value| Test value
Fiber weight | g/m? 300 310
. Design thickness| mm 0.165 -
Medium ;
Elastic modulus | N/mm?| 390000 405000
modulus CFRP - -
heet Poisson’s ratio - 0.3 -
shee
Tensile strength | N/mm? 2900 4033
Fracture strain | x10°° 7436 9958
. Fiber weight | g/m? 900 933
High modulus ; :
Design thickness| mm 0.429 -
CFRP strand :
sheet Elastic modulus | N/mm?| 640000 692000
e
Tensile strength | N/mm? 1900 23830
(c) Resin
Material Item Unit |Design value| Test value
Matrix resin | Elastic modulus | N/mm? 2860 -
(Epoxy resin) | Poisson’s ratio - 0.4 -
Adhesive Elastic modulus | N/mm? 2500 3317
(Epoxy resin) | Poisson’s ratio - 0.35 -
Elongated elastic| gjastic modulus | N/mm? 65 74
putty
(Polyurea resin) Poisson’s ratio - 0.499 -
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Reinforced cross-section

2 CFRP Bt DS 1%E
Material property of CFRP molded plate

Material Item Unit Value
Number of layers - [0°],,
Unidirectional Thickness mm 7.88
CFRP molded |  Fiber volume 7, - 0.48

plate Axial elastic modulus | N/mm? 196530
Tensile strength” | N/mm? 1957

Number of layers - [0°/i45°/0°] "
(Symmetrical layering)

Bypass Thickness mm 14.40
member Fiber volume V, - 0.50

Axial elastic modulus| N/mm? 107615
Tensile strength® | N/mm? 1072

* Stress when the strain generated in carbon fiber reaches the fracture strain
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Bypass member shape
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Test result
. Before After
Item Unit . .
reinforcement | reinforcement
Yield load

(Calculated value) kN 146 232
Maximum load kN 111 (1.00) 160 (1.44)
Stress at maximum load | N/mm? 178 (1.00) 162 (0.91)

Lateral buckling

Failure mode - No delamination of CFRP in

reinforced specimen
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