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� The effect of shear span ratio and
reinforcement ratio on GIC beams is
obvious.

� The stiffness of the GIC beams was
always smaller than that of the
normal concrete.

� The ‘‘truss-arch” model can be used in
calculating the shear strength of GIC
beams.
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a b s t r a c t

The application of glazed hollow bead insulation concrete can improve the seismic performance of the
structure, simultaneously ensuring characteristics such as structural durability, fire resistance, thermal
insulation, antifreezing, and impermeability. However, with change in material’s physical and mechanical
properties, the shear resistance of vitrified microbead thermal insulation concrete members should be
paid attention to. The literature search reveals only a few studies on the shear resistance of glazed hollow
bead insulation concrete members. In this study, 14 glazed hollow bead insulation concrete beams and
four ordinary concrete beams with C35 strength grade were tested. The mechanical failure process, fail-
ure form, failure mechanism, and the difference between vitrified microbead insulated concrete beam
and ordinary concrete beamwere compared. The effects of shear span ratio, hoop ratio and reinforcement
ratio on the cracking load, ultimate load and failure mode were investigated. Combined with the ‘‘truss-
arch” model, the shear bearing capacity of steel bar and concrete is described, and after considering the
softening coefficient of glass microbead insulation concrete, based on the ‘‘truss-arch” model, a formula
for calculating the shear capacity of inclined section of vitrified microbead insulated concrete beam was
obtained. The results show that the shear failure test results of glazed hollow bead insulation concrete
beams are similar to those of ordinary concrete beams; the shear bearing capacity of vitrified microbeads
thermal insulation concrete beams is �13% higher than that of ordinary concrete beams under the same
conditions, and stiffness degradation is slow in the later stage. After the constitutive relation and soften-
ing coefficient are modified, the ‘‘truss-arch” calculation model can be used to calculate the shear capac-
ity of vitrified microbead insulated concrete beams, and the results are in good agreement with the
experimental results. The study of the shear behavior of glazed hollow bead insulation concrete beams
can provide data and technical basis for engineering application and has important theoretical
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significance and practical value to further understand the characteristics of this type of concrete struc-
ture, guiding engineering design, and promoting engineering application.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

With the growing economy and social needs, engineering struc-
tures often contain unprecedented size, height, and span. Require-
ments for seismic capacity and durability have pushed concrete
towards becoming a multi-function material. One of the functional
requirements of concrete has to meet is to be lightweight. Light-
weight aggregate concrete (LAC) is prepared by using artificial
lightweight aggregate, natural aggregate, cementing material, min-
eral admixture, and water. Its apparent density is not >1950 kg/m3.
LAC can significantly reduce the structural weight, foundation load,
and basic engineering quantity. It can reduce seismic loads, obtain
remarkable economic benefit, and guarantee improved structural
performance in terms of durability, refractory, thermal insulation,
frost resistance, and permeability.

Therefore, researchers have performed tests and theoretical
analyses on the shear capacity of LAC containing different types
of lightweight aggregate. Two approaches are generally considered
in the calculation and design of shear force of an oblique section in
an LAC beam. The first approach considers that compared to nor-
mal concrete, concrete area is discounted in the shear calculation
of LAC, and a semi-empirical formula is derived for shear calcula-
tion. Mo et al. [1] carried out the shear performance tests of nine
simple supported sand lightweight aggregate concrete beams with
different shear span ratios and reinforcement ratios of longitudinal
reinforcement with a strength of 37.0 MPa. The shear span ratio is
1.5, 2.3, and 4.0, and the reinforcement ratio of longitudinal rein-
forcement is 1.2%, 1.8%, and 3.2%, respectively, and four full light-
weight aggregate concrete beams with a strength of 28.0 MPa
were tested. The experimental results show that the bearing capac-
ity of two types of lightweight aggregate concrete beams are obvi-
ously lower than those calculated by the code after the strength
reduction, especially the bearing capacity of full lightweight aggre-
gate concrete is lower; therefore, it is suggested to increase the
strength reduction coefficient of concrete. In addition, the shear
capacity of lightweight aggregate concrete beams is obviously

lower than that of ordinary concrete beams of the same grade.
Hanson et al. [2] tested the shear resistance of oblique sections
of 57 lightweight concrete beams with different types of light-
weight aggregates under concentrated loads. The experimental
results show that the oblique section bearing capacity of light-
weight aggregate concrete beams has a good correlation with the
splitting tensile strength of concrete. Because the splitting tensile
strength is related to the type of lightweight aggregate, the shear
bearing capacity of lightweight aggregate concrete beam is closely
related to the type of aggregate. In addition, he also proposed a for-
mula for calculating the shear capacity based on the split strength.
Ivey et al. [3] determined the shear test of 26 lightweight aggregate
concrete beams without web tendons. The analysis of the test data
revealed that the shear capacity of lightweight aggregate concrete
beams without web tendons is mainly affected by the splitting ten-
sile strength, shear span ratio, and reinforcement ratio of longitu-
dinal reinforcement. To some extent, the rationality of Hanson
formula is proved. Clarke et al. [4] evaluated the design of light-
weight aggregate concrete beams by using the shear test data of
the Eurocode 2 reduction 80% and found that the standard results
were conservative. Ivey et al. determined the shear test of 26 light-
weight aggregate concrete beams without web reinforcement. The
analysis of the test data revealed that the shear capacity of light-
weight aggregate concrete beams without web tendons is mainly
affected by the splitting tensile strength, shear span ratio and rein-
forcement ratio of longitudinal bars. Ahmad et al. [5] compared
and analyzed the load deflection of 15 ordinary concrete beams
and lightweight aggregate concrete beams by means of rigid load-
ing equipment, and the experimental results showed that no mat-
ter whether lightweight aggregate concrete beams have stirrups or
not, the ductility coefficient decreases with increasing concrete
strength, and the effect of stirrups improves the peak load of con-
crete. With increasing hoop ratio, the slope of the decreasing sec-
tion of load deflection curve decreases, and with the increasing
stirrups, the restraint effect of stirrups became better. The shear
properties of 16 high strength slate lightweight aggregate concrete

List of notation

GIC glazed hollow bead insulation concrete
NC normal concrete
LAC lightweight aggregate concrete
Pcr test value of load at cracking
k shear span ratio
h0 effective depth of cross section
g coefficient for the truss model
u angle of inclination of the concrete strut
a distance between applied shear force and support
bw width of the concrete section
z depth of the section
Vc shear contribution of the diagonal compressive strut (of

concrete) in the truss model
As area of the compressive region of the compressive strut
Asv area of shear reinforcement
s spacing of shear reinforcement
c cover depth of concrete

rc compressive stress in the compressive strut
u angle of inclination of concrete stress
Va shear force of the arch model
Vc shear contribution of the diagonal compressive strut
Vt shear capacity provided by stirrups in truss model
hsh angle of inclination of the concrete oblique member in

the arch model
ra compressive stress in the concrete diagonal compres-

sion member in the arch model
rc compressive stress in the compressive strut
fc maximum compressive stress
m softening coefficient of concrete
Va shear force of the arch model
h angle of inclination of the inclined concrete member
a effective coefficient of the arch mechanism
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