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Estimate of Bolt Connection Strength of Reinforced
Glulam using Glass Fiber'
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ABSTRACT

The yield shear strength of bolt connection in glass fiber reinforced glulam was predicted using a design-based
equation, and was compared to the empirical yield shear strength. For the predicted equation, the mechanical proper-
ties of member (the elastic modulus, Poisson’s ratio, shear modulus) was tested. The fracture toughness factor (Kq) of
glass fiber reinforced glulam was reflected to the revision of the design equation of bolted connection. The com-
pressive strength properties to grain direction was influenced by annual ring angle and width of lamina. Compared
with the revised yield shear strength of reinforced glulam, it was tended to be similar to the empirical yield shear
strength on the diameter of bolt and the reinforcements. The revised yield shear strength from proposed formula of
KBC was most appropriately matched in the bolt connection of the glass fiber reinforced glulam.

Keywords : glass fiber reinforced plastic, reinforced glulam, bolted connection, european yield model, fracture
toughness
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Table 1. Width and angle of annual ring for compressive test specimens parallel and perpendicular to the grain

Load direction

Type Parallel to grain Perpendicular to grain
HB HC VA VB vC
o . . I I I
Width of annual ring > 3 mm < 3 mm < 3 mm
Angle of annual ring 0~30° 0~30° 30~45° 0~30° 30~60°  60~90°
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Fig. 1. Representation of compression test parallel (a) and perpendicular (b) to grain.
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Table 2. Comparison with compressive strength properties on loading direction

Loading direction

Type Parallel to grain Perpendicular to grain
HA HB HC VA VB vC
Compressive strength 54.16 58.20 55.94 7.55 6.33 7.86
(MPa) (0.09)* (0.06) (0.13) (0.04) (0.06) (0.06)
Compressive modulus of 10.75 12.60 13.74 1.21 0.53 0.75
elasticity (GPa) 0.21) 0.17) (0.18) (0.16) (0.20) (0.14)

* The parenthesis means coefficient of variation
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Fig. 2. Relationship between partial compressive
MOE and angle of annual ring.
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Table 3. Mechanical properties used in the calculation of Stress intensity factor for Larix kaempferi Carr

Species Ex Ey Ez Gy
P (GPa) (GPa) (GPa) Hoy (GPa)
Larix kaempferi Carr. 12.6 0.75 1.21 0.54 0.63
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Table 5. Comparison of experimental yield strength and revised yield strength proposed by KBC equations

using the Ky on bolted connection

Type Pexp* Pyac™* Paptt* Preg*tE
kN

B12CO 25.62 24.05 25.50 25.50

BI12GS 28.57 28.20 31.38 31.97

BI2GT 33.15 30.15 34.14 36.62

B16CO 36.17 36.78 39.19 34.26

B16GS 47.32 49.66 54.17 49.17

B16GT 45.63 47.52 51.67 46.64
* Pgxp: Experimental yield strength (Kim and Hong, 2015)
** Pgpc: Minimum load among Zkpc values
**% Pay: Minimum load among Zay values
*#%% Ppes: Minimum load among Zgcs values
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