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Effect of Glass Fiber—-Reinforced Polymer (GFRP) Shear Connector’'s Shape on Inplane Shear
Strength of Insulated Concrete Sandwich Panels
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Abstract

This paper describes an experimental program to investigate the shear behavior of insulated concrete sandwich panels (CSPs)
with different types of GFRP shear connector. The study included testing of 13 insulated CSP specimens with two types of surface
conditions for extruded polystyrene (XPS) insulation and various shapes of shear connectors. All specimens were loaded in direct
shear by means of push-out and were consist of three concrete panels, two insulation layer and four rows of GFRP shear
connectors. Load-relative slip between concrete panel and insulation response of CSP specimens has been established through
push-out shear test. Test results indicate that the surface condition of insulation has a significant effect on the bond strength
between concrete panel and insulation. The specimen used XPS foam with 10mm deep slot shows higher bond strength than those
used XPS foam with meshed surface. Corrugated GFRP shear connectors show equivalent strength to grid GFRP shear connectors.
Cross-sectional area and embedded length of shear connector have a notable effect on overall response and inplane shear strength
of the CSP specimens.
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Fig. 1 Typical shape of shear connectors
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(b) Corrugated shear connector

Fig. 2 Reinforcement details of GFRP shear connector

Table 1 Properties of corrugated GFRP shear connector

Shear Pitch Height Width Thickness Tre :
connector [mm] [mm] [mm] [mm] [MPal

6—200 6

B I | 6 | a7
12-200 9 (6.35)
9-300 160 12 °

—_— 300 ] 430 .
18-300 18 (13.47)

‘GFRP tensile strength “standard deviation
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Table 2 Mix proportions of concrete

Compressive Unit weight [kg/m’]

strength w/C
[MPa] Water | Cement | Sand | Aggregate | Mixture
30 42.1 171 406 817 942 2.44

Table 3 Summaries of insulated CSP specimens

. Embedment | Thickness of
. Insulation Shear . .
Specimens length insulation
type connector
[mm] [mm]
XPSS XPSS
- - 100
XPSM XPSM
XPSS 6-30 6—200
e —— 30 100
XPSS 12-30
s — 12—-200
XPSS 12-35 35 90
XPSS 9-30 XPSS 9-300
—— 30 100
XPSS 18-30
—_— 18-300
XPSS 18—40 40 80
XPSS G—-50 Grid 50 25 100
Nobond 6—30 6—-200 30 100
Nobond 12—35 12—-200 35 90
——  Nobond
Nobond 9—30 9-300 30 100
Nobond 18—40 18-300 40 80
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Fig. 5 Effect of insulation surface condition

Table 4 Summaries of test result

Specimens Maximum load | Relative slip at | Predictive Te.st(
[kN] peak [mm] [kN] predictive

XPSS 242.38 2.83 - -

XPSM 200.24 2.23 - -
XPSS 6-30 332.22 2.01 305.23 1.09
XPSS 12-30 445.24 2.57 610.47 0.73
XPSS 12-35 528.21 2.29 610.47 0.87
XPSS 9-30 388.40 2.20 407.29 0.95
XPSS 18-30 460.60 2.35 814.58 0.57
XPSS 18-40 562.19 1.83 814.58 0.69
XPSS G-50 378.28 2.64 362.04 1.04
Nobond 6—30 222.13 4.39 305.23 0.73
Nobond 12—35 299.22 2.56 610.47 0.49
Nobond 9-30 245.98 1.94 407.29 0.60
Nobond 18—40 369.78 2.59 814.58 0.45

(b) XPSM

(a) XPSS

Photo 3 Interface concrete panel after test
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