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Abstract: In order to study the mechanical properties of the glass plate structure applied to the automobile bridge deck, the bearing capacity test of the glass bridge deck 
under the wheel load is carried out, and the failure mode, load displacement curve and safety function of the glass plate under the boundary, position and number of layers 
of the wheel load are analyzed. The results show that the ultimate bearing capacity of laminated glass under the condition of simply supported boundary on both sides is 
about four sides supported 71.8%. The ultimate bearing capacity of single-layer glass under the boundary condition of simple support on both sides is about four sides 51.4% 
from the point of view of meeting the structural strength requirements. The loading test is carried out by applying different multiple wheel loads at the plate angle and the 
center of the plate. The test results can provide reference for the application of the glass bridge deck in engineering.  
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1 INTRODUCTION 
 

The diversified demands of architectural glass promote 
the rapid development of glass production, molding and 
processing technology. At present, China's glass 
application has rapidly increased to become the third 
largest building material. The glass bridge deck is applied 
to the pedestrian landscape bridge with its advantages of 
light weight, high strength, good light transmittance, 
energy conservation and environmental protection, and has 
soon attracted scholars and bridge engineers at home and 
abroad and the attention of news media [1]. The strength of 
glass structure is different due to the load direction, type, 
boundary condition, type and thickness, and has certain 
discreteness [2]. In order to solve the stress analysis and 
calculation of pedestrian glass bridge deck in landscape 
area, Wang Xun [3] gives the analytical expression of stress 
and deformation of simply supported slab on four sides 
under uniform load; Wang Yuanqing [4-7] equates the in-
plane bending glass plate with simply supported or fixed 
supported plate beam on both sides, and points out that the 
bearing capacity of in-plane bending glass plate is 
proportional to the plate thickness, height span ratio, and 
inversely proportional to the span height ratio. Liu Qiang 
[8] analyzes the bending performance of laminated glass 
beam under short-term and long-term load. Yin Yongwei, 
Zhang Qilin [9] pair of point supported hollow and 
laminated glass under uniform load. The short-term and 
long-term load performance tests were carried out. Zhang 
Yangmei [10] and Zhang Zongheng [11] respectively 
carried out the experimental research on the failure modes 
of multilayer SGP laminated glass and PVB laminated 
glass under the impact of rigid body and low-speed impact. 
Tao Zhixiong et al. [12] carried out the load displacement 
curve close to the linear distribution under the static load 
on the simply supported laminated glass on four sides. At 
present, the research is widely collected in the theoretical 
calculation of the glass under the action of the uniform load. 
In the bridge engineering, the load is the wheel pressure of 
vehicle, which cannot be equal to the uniform load, and the 
existing analytical expression based on the plate and shell 
theory cannot be applied. In order to ensure the safety and 
reliability of the structure, the safety factor of the structure 

can only be increased. At present, the scientific research 
work only focuses on a certain bridge, and the bearing 
capacity test of bridge deck focuses on the confirmatory 
test, without the determination of the most unfavorable 
load position of the bridge deck and the related stress and 
deflection test, lack of in-depth research on the 
transmission mechanism, failure mode and ultimate 
bearing capacity, and has not formed a systematic design 
method. The application of the glass plate to the vehicle 
deck has not been seen yet, and the relevant experimental 
research and theoretical analysis research are few. In order 
to study the mechanical properties of the glass bridge deck 
applied to vehicle driving, this paper intends to select the 
number of glass layers, boundary conditions and the 
position of action as the starting point of the experimental 
study, and carry out the bearing capacity test of the glass 
bridge deck.  

 
2 TEST PLAN  
2.1 Specimen Model  
 

It is determined that the design dimension of the 
single-layer toughened glass test piece is 120 × 120 cm and 
the thickness is 12 mm (Tab. 1). The glass plate test piece 
shall conform to the national standard. According to the 
statistics of the vehicle weight of the mainstream models, 
the load is generally less than 30 kN, that is, the maximum 
wheel weight of a single wheel is 7.5 kN. The contact 
surface between the tire and the ground is elliptical. For the 
convenience of calculation, it is simplified as a rectangle, 
and the contact area is proportional to the total weight of 
the car and the width of the tire. The size of the contact 
surface of a single wheel of the car is 200 × 100 mm, and 
a 25 mm thick rubber pad is used to simulate the contact 
between the wheel and the glass. 
 

Table 1 Specimen parameter 
No. Type Parameter Quantity 

1 
Laminated 

glass 

12 mm tempered glass + 1.56 mm PVB 
+ 12 mm tempered glass +1.56 mm 

PVB + 12mm tempered glass 
16 

2 
Single-
glass 

12 mm tempered glass(Same batch as 
laminated glass) 

8 
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2.2 Test Equipment  
 

The instrument adopts 1000 kN microcomputer 
controlled electro-hydraulic servo pressure testing machine 
in Shaanxi bridge structure laboratory. In the test, 
displacement sensor is used to measure the deformation of 
glass plate, and strain gauge is used to measure the change 
rule of strain on the outer surface of glass plate. Japan tds-
302 static data acquisition instrument is used to collect 
displacement and strain data, TDS data acquisition 
instrument is used to record the change curve of 
displacement and strain with load.  

 
2.3 Test Method  
 

In order to analyze the influence of boundary 
conditions on the failure mode and ultimate bearing 
capacity of glass plate, single-layer and three-layer PVB 
laminated glass plate is selected, and the boundary 
conditions of simple support on four sides and two sides 
are used to simulate the wheel load acting on the center, 
plate edge and plate angle of glass plate. The monotonous 
grading load is applied to the wheel load, and the load 
control grading is applied to 70 first %. In order to obtain 
a smooth curve, the data collection should be properly 
encrypted. When the load is applied to 95% of the peak 
value, the load should be stopped. The maximum load 
during the loading process is taken as the ultimate bearing 
capacity of the test piece until the glass is damaged. 
 

legend:

strain measured point

 
(a) 

legend:

displacement measured point

 
(b) 

Figure 1 Survey point arrangement: (a) Arrangement of strain measuring points 
of laminate glass; (b) Arrangement of displacement measuring points of laminate 

glass 

2.4 Layout of Measuring Points  
 

In the test, the displacement sensor is used to measure 
the deformation of the glass plate under the load, and the 
strain gauge is used to test the surface strain of the glass 
plate. The strain gauges are arranged at equal intervals 
along the length and width of the glass plate. The 
displacement and strain measuring points of the laminated 
glass are arranged at the same position as that of the single 
glass. The measuring points of the laminated glass are 
shown in Fig. 1, and the test temperature is normal 
temperature (25 ℃). 
 

3 RESULTS AND ANALYSIS  
3.1 Layers of Glass Plate  
 

In order to analyze the influence of different layers of 
glass on the bearing capacity of the vehicle under the load, 
three-layer PVB laminated glass plate and single-layer 
glass specimen are selected for the test, and the load is 
concentrated in the center of the glass plate. The stress and 
failure modes of the laminated glass specimens are shown 
in Fig. 2. When the laminated glass specimens JG001, 
JG002 and JG003 reach the ultimate load, there is a "snap" 
sound, the most obvious one. The bottom glass is damaged 
in an instant. There are only a few pieces of broken small 
glass slag on the ground, and all less than 1 cm. There are 
small cracks at the stressed part and large area network 
cracks at other parts. 
 

 
(a) Before destruction 

 
(b) After the destruction 

Figure 2 Failure mode of laminated glass with four sides simply supported 
 
Fig. 3 shows the load displacement curve in the center 

of laminated glass and single-layer glass plate. The load 
before the failure of glass plate is taken as the ultimate 
bearing capacity of the structure. It can be seen from the 
figure that the ultimate bearing capacity of laminated glass 
is respectively 58.5 kN, 49.6 kN, 72.1 kN, the average 
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value of the three is 60.1 kN. The ultimate bearing capacity 
of single-layer glass DG001 is 21.6 kN. 

 

 
Figure 3 Load-displacement curve 

 
3.2 Boundary Conditions  
 

In order to study the influence of boundary support 
conditions on the bearing capacity of the vehicle under the 
load, laminated glass and single-layer glass are selected, 
and the glass is placed on the frame with simple supports 
on both sides and four sides, and the load is applied at the 
center of the glass plate, as shown in Fig. 4. 
 

 
(a) Before destruction 

 
(b) After the destruction 

Figure 4 Failure mode of laminated glass under the condition of support on both 
sides 

Fig. 5 shows the load displacement curve of glass plate 
with simple support on four sides and two sides. The curve 
trend is the same under the two boundary conditions, 
showing a linear change. It can be seen from Fig. 5a that 
the ultimate bearing capacity of laminated glass JG001 is 
58.5 kN under the boundary condition of simple support on 
four sides, and the ultimate bearing capacity of laminated 
glass JG007 under the boundary condition of simple 
support on both sides is 42.0 kN, about 71.8% is supported 
by four sides. In Fig. 5b, the ultimate bearing capacity of 
single-layer glass DG001 is 21.6 kN under the boundary 
condition of four simple supports, while the ultimate 
bearing capacity of single-layer glass DG004 under the 
boundary condition of two simple supports is 11.1 kN, 
about 51.4% of the four simple supports.  

 

 
(a) 

 
(b) 

Figure 5 Load displacement curve of laminated glass under different boundary 
conditions: (a) Laminated glass and (b) Single layer glass 

 
3.3 Loading Position 
 

In order to analyze the bearing capacity of glass bridge 
deck under different wheel pressure positions, laminated 
glass and single-layer glass are selected to simulate the 
bearing capacity of two kinds of glass when the wheel load 
acts on the central position, edge position and corner 
position of the glass. It can be seen from Fig. 6a that the 
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ultimate bearing capacity of laminated glass is about 60.0 
kN when it acts on the central position, about 59.0 kN when 
it acts on the edge of the plate, and about 59.0 kN when it 
acts on the edge of the plate. The ultimate bearing capacity 
is about 51.5 kN at the angle, and the ratio of the bearing 
capacity at the edge, angle and center of the plate is 98.3%, 
86.5% respectively.  

In Fig. 6b, it can be seen that the ultimate bearing 
capacity of single-layer glass is 21.6 kN when acting in the 
central position; the ultimate bearing capacity is about 17.0 
kN when acting in the edge of the plate. The ultimate 
bearing capacity is about 14.1 kN when acting in the corner 
of the plate, and the ratio of the plate edge, the plate angle 
and the center of the plate is 78.7% and 64.8% respectively. 
Under the same boundary condition and load position, the 
maximum change of the ultimate bearing capacity and 
displacement of single-layer glass and laminated glass is in 
the middle of the plate and the minimum is in the angle of 
the plate, and the bearing capacity of laminated glass is 
more than 3 times of that of single-layer glass plate. The 
load displacement curve has the same trend and shows 
linear change in the above position.  

 

 
(a) Laminated glass 

 
(b) Single layer glass 

Figure 6 Load displacement curve of laminated glass under different stress 
positions 

3.4 LOAD VERIFICATION 
 

From the point of view of meeting the structural 
strength requirements, the load acting on the corner of the 
plate is the most unfavorable working condition, and from 
the point of view of meeting the structural stiffness 
requirements, the load acting on the center of the plate is 
the most unfavorable working condition. Therefore, 
through the bearing capacity test of laminated glass plate 
under multiple sets of wheel load, the size of the wheel 
pressure contact surface in the test is 100 × 200 mm, the 
boundary condition of the glass plate is simply supported 
on four sides. The wheel load of 0.8 times, 1.0 times, 1.2 
times, 1.5 times, 1.8 times and 2.0 times is respectively 
given under the above two working conditions. The 
maximum strain and maximum deformation of the 
laminated glass plate are obtained, as shown in Tab. 2 and 
Tab. 3. The elastic modulus of glass material is taken as it 
is 8.8×104 MPa. According to the design value of glass 
strength under long-term load specified in technical code 
for application of building glass JGJ113-2015, the strength 
of 12 mm tempered glass in the middle of the plate is 42 
MPa, the edge strength is 34 MPa, and the end strength is 
30 MPa. It can be seen that the maximum tensile stress of 
the glass bridge deck under normal use meets the strength 
requirements of the specification [13-16].  

 
Table 2 Correspondence between strain, stress and maximum deformation and 

load when the load acts on the center of the plate 

No. 
Load 

multiple 

Maximum 
tensile strain / 

με 

Maximum 
tensile stress / 

MPa 

Maximum 
deformation / 

mm 
1 0.8 197 17.3 2.75 
2 1.0 249 21.9 3.44 
3 1.2 306 26.9 4.13 
4 1.5 369 32.5 4.82 
5 1.8 459 40.4 5.89 
6 2.0 517 45.5 6.59 

 
Table 3 Correspondence between strain, stress and maximum deformation and 

load on the corner of the plate 

No. 
Load 

multiple 

Maximum 
tensile strain / 

με 

Maximum 
tensile stress / 

MPa 

Maximum 
deformation / 

mm 
1 0.8 221 19.5 1.62 
2 1.0 312 27.5 1.89 
3 1.2 416 36.6 2.30 
4 1.5 493 43.4 2.71 
5 1.8 603 53.1 3.31 
6 2.0 658 57.9 3.57 

 
4 CONCLUSION  
 

Before the damage of single-layer glass, the four 
corners of the glass plate are obviously cocked up, no 
obvious cracks are found. The damage process is very rapid. 
The glass cracks instantly and flies around rapidly. The 
glass fragments at the corners of the plate fly nearly 5 
meters away. The distance of the glass fragments in the 
middle of the plate is relatively small, but the glass 
fragments are basically kept at obtuse angle, which greatly 
reduces the injury to people. Before the damage of 
laminated glass, the state is the same. Like single layer 
glass, when laminated glass plate is damaged, the bottom 
glass plate cracks instantly, but there is no glass fragments 
flying out of the bottom glass, only fine glass slag falls off.  

The boundary support condition has a great influence 
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on the stress of glass plate. The bearing capacity of 
laminated glass under the boundary condition of simple 
support on both sides is about 71.8% of that under the 
boundary condition of simple support on four sides; the 
ultimate bearing capacity of single glass under the 
boundary condition of simple support on both sides is 
about 51.4% of that under the boundary condition of simple 
support on four sides. 

The load position has a significant effect on the stress 
of the glass plate. The ratio of the bearing capacity of the 
edge, angle and center of the laminated glass plate is 98.3%, 
86.5% respectively. The ratio of the bearing capacity of the 
edge, angle and center of the single glass plate is 78.7%, 
64.8% respectively. The load displacement curve trend of 
the center, edge and angle of the glass plate is the same, 
showing a linear change.  

In this paper, the bearing capacity test of glass bridge 
deck under wheel load is carried out to study and analyze 
the bearing capacity performance of glass bridge deck 
under the condition of boundary, position and number of 
layers of wheel load, so as to provide a reference for the 
practical engineering of glass bridge deck. 

There are some problems in the design of glass bridge 
deck, such as the selection of safety factor and the 
calculation of equivalent thickness of laminated glass panel. 
If these problems cannot be solved, it will seriously hinder 
the promotion and application of this structure.   
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