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Space frame structures have recently received significant attention for covering large
spaces due to their high degree of indeterminacy, considerable stiffness, and low weight.
The existence of various imperfections in these structures, whether during material

Article history: - L .
y production or construction, is inevitable given the large number of members and nodes.
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Received in revised form imperfections, which have a stochastic nature. The main objective of this research is to
2024-05-04 investigate the effect of initial member curvature on the load-bearing capacity and
Accepted reliability of flat two-layer grid structures with different patterns. For this purpose, two
2024-06-17 types of grid patterns, namely, orthogonal and skewed, with and without openings, were
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evaluated, resulting in a total of eight different structures. For each structure, the initial
2024-06-28 g g

curvature of the members was randomly assigned using a normal distribution, and then a
nonlinear incremental load analysis was performed using the OpenSees software. This
process was repeated 1,000 times for each structure, resulting in a total of 8,000 nonlinear
analyses. Finally, the statistical parameters and reliability of each structure were evaluated
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reliability, using the Monte Carlo method. The results show that the flat two-layer grid structure with
Monte-Carlo method, an orthogonal pattern and without openings has better performance, with not only a higher
Different configurations average vertical load-bearing capacity and reliability but also lower sensitivity to initial

member curvature.
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Introduction
Space structures have a high degree of indeterminacy and typically contain hundreds of

members which inevitably incorporate different types of imperfection. Initial curvature of a
truss member is a common form of geometric imperfection in space structures. To estimate the
safety and reliability of such structures, it is necessary to consider the effects of such
uncertainty. Several investigations (Roudsari and Gordini 2015, Sheidaii and Gordini 2015,
Wada and Wang 1992 Gholizadeh et al. 2016) have addressed one or more of these random
variables. Roudsari and Gordini (2015) studied the Random imperfection effect on reliability
of space structures with different supports. They showed that geometric imperfections like
initial curvature have considerable influence on the load-carrying capacity of these structures.
El-Sheikh (1991, 1995 1997 and 2002) studied the sensitivity of double-layer space structures
to member geometric imperfections and the overall strength, behavior, and the location of
trusses to determine critical areas at which imperfect members should be avoided. El-sheikh
also has investigated the effect of member length imperfections on the capacity and failure
mechanism of triple-layer space structures. Geometrical defects and materials are observed in
all engineering structures, and it is impossible to build two-layer space work grids without
initial imperfections. Geometric defect mostly refers to the length of members, geometric
dimensions of elements, position of nodes and dimensions of the structure, while material defect
includes the effects of residual stress in materials. In most cases, the presence of defects is
associated with a decrease in the bearing capacity of the structure. Although great care is taken
in the process of producing materials and building the structure to minimize defects in the
structure as much as possible, its effects are very effective and evident in the behavior of the
structure. The distribution of defects in the structure, as a result of the decrease in the bearing
capacity of the structure, also has a random nature. Therefore, it is necessary to evaluate the
existence of uncertainty in various parameters and finally the reliability of the system in
estimating the real behavior of the structures. Many research has been done on determining the
reliability of two-mode and multi-mode networks. In 1999, '‘Alghanem' presented an algorithm
to calculate all minimum continuity states and minimum discontinuity states in a network whose
components have direction. In 2004, 'Malinowski' presented a method to calculate the reliability
of the network, assuming that the minimum states of continuity (or discontinuity) are obtained.
So far, no comprehensive research has been done on the imperfect effects of the initial curvature
of the member in two-layer flat grids with various configurations. In this research, the effect of
theimperfection of the initial curvature has been investigated probabilistically and
simultaneously on the capacity of two-layer flat grids with horizontal and diagonal intersection
of configurations in cases with and without grid distance.

Method

In this research, 8 flat two-layer grids with two-way-on-two-way and diagonal-on-diagonal
patterns without and with panel zones were evaluated using OpenSees. All meshes were
modeled using the SAP2000 software according to AISC LRFD99. To consider the effect of
initial curvature on the vertical bearing capacity of a double-layer flat grid, the members should
be modeled as curves, and due to the random distribution of initial defects, the amount of
curvature is also different in various members. Therefore, the structure must be modeled and
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analyzed many times, while the geometry of the structure changes every time. First, the
incomplete member with initial curvature is modeled separately and outside the structure, the
behavior of elastoplastic materials is assumed to be complete. Then, the member is subjected
to axial-compressive displacement, and its axial load-displacement diagram is drawn.

Results

For calculating the vertical capacity of flat two-layer meshes, based on the normal distribution,
the maximum initial curvature of each member is between 2-10, and the percentage of member
length was selected. This work was done for all the members, so the degree of imperfection of
the initial curvature of each member is different. Then, based on each member's initial random
curvature, the incomplete member's stress-strain diagram was selected and attributed to the
member's materials. The incremental load analysis structure was established and the total load
diagram was drawn concerning the vertical displacement of the middle node. To investigate the
effect of the randomness of the initial curvature of the members, repeat the above steps 1000
times for each structure. Therefore, 1000 force-displacement diagrams were obtained for each
structure. According to diagrams, Reliability in two-way configuration is more than diagonal
configuration, the shorter the length of members and the greater their number, the higher the
reliability, and reliability in the state without panel zones is much more than the state with panel
zones.

Conclusions

The results show that the sensitivity of the flat grid with various configurations to the random
distribution of the initial curvature is not the same. A flat double-layer spatial grid on double
layer configuration and without panel zones has a better performance and not only the average
vertical load capacity and its reliability is higher, but also its sensitivity to the initial curvature
of the members is less. The results show that the sensitivity of double-layer meshes to the
random distribution of the initial curvature is not the same. The double-layer spatial grid shows
better behavior as the number of its divisions increases due to more elements and the
phenomenon of redistribution of power. Also, the lower the height-to-span ratio is, the flatness
of the structure increases and the structure shows softer behavior than the brittle behavior at
high height-to-span ratios.
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