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ABSTRACT

Double-layer scallop space domes is one of the new types of domes whose
geometric shape is a function of parameters such as height to span ratio,
amplitude to span ratio, arc style of sectors and style of variation in meridional
direction. In these structures, the buckling behavior of the compression member
has a determinative role in the collapse behavior of the structure and it is
necessary to use an appropriate solution to deal with the failure of the
compression member and consequently the collapse of scallop domes. One of the
solutions is to replace the compression members with FLD, which can prevent
collapse. In the present study, a TTFLD has been used, which has efficiency in
eliminating the buckling of the compression member. First, the effect of geometric
parameters on the collapse behavior of domes was investigated using the FEM
and nonlinear analysis, and critical members prone to collapse in scallop domes
with different geometric shapes were identified. The critical compression
members were then replaced with TTFLDs, and the reinforced scallop domes
were re-analyzed. By comparing the collapse behavior of domes in two cases with
and without the use of FLDs, the results showed that by replacing the critical
compression members with FLDs, a significant improvement in the collapse
behavior of the models is achieved. The improvement is directly related to the
number of devices. With increasing the ratio of amplitude to span, the ductility
and bearing capacity of the domes increase. In addition, by changing the style
variation from linear to parabolic in the direction of the meridian lines, the
ductility and bearing capacity of the dome increase. In the change of arc style
from sinusoidal to parabolic, with increasing the ratio of height to span, the
bearing capacity and ductility of the scallop dome increase.
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1- Particle Swarm Optimization (PSO)
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2- Computational Fluid Dynamics (CFD)
3- Force Limiting Device (FLD)
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Mode=1: Implies Parabolic Variation in Circumferential Direction and Parabolic
Variation in Meridional Direction

Mode=2: Implies Sinusoidal Variation in Circumferential Direction and Parabolic
Variation in Meridional Direction

Double-Layer Scallop Dome Mode of scalloping
Mode=3: Implies Parabolic Variation in Circumferential Direction and Linear
’_ Height to Span ratio Variation in Meridional Direction
SDn - HS(0.1-0.2- 0.3)- AS{0.01-0.1)- M (1-2-3-4) Mode=4: Implies Sinusoidal Variation in Circumferential and Linear Variation in
Meridional Direction
\_ Number of model Amplitude to Span ratio
(5D1-5D12)
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Model Hyye (M) A (M) M Model Hyye (M) A(m) M

SD1- HS0.1 - AS 0.1 — M1 5 5 1 SD7 - HS0.1- AS 0.1 - M3 5 5 3

SD2 - HS0.2 - AS 0.1 — M1 10 5 1 SD8 - HS0.2 - AS 0.1 — M3 10 5 3
SD3 - HS0.3 - AS 0.1 - M1 15 5 1 SD9 - HS0.3 - AS 0.1 - M3 15 5 3
SD4 - HS0.1 - AS 0.01 — M1 5 05 1 SD10 - HS0.1 - AS 0.1- M4 5 5 4
SD5 - HS0.2 - AS 0.01- M1 10 05 1 SD11- HS0.2 - AS 0.1- M4 10 5 4
SD6 - HS0.3 - AS 0.01- M1 15 05 1 SD12 - HS0.3 - AS 0.1- M4 15 5 4
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Section D(mm) t(mm) A(cm?) R(cm)
D101.6T5.0 101.6 5.0 15.2 3.42
D101.6T6.3 101.6 6.3 18.9 3.38
D114.3T5.0 114.3 5.0 17.2 3.87
D114.376.3 114.3 6.3 214 3.82
D139.7T5.0 139.7 5.0 21.2 477
D139.7T6.3 139.7 6.3 26.4 472
D139.7T8.0 139.7 8.0 331 4.66
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Model Weight (KN) Model Weight (KN)
SD1 - HS0.1 - AS 0.1 - M1 1122.40 SD7 - HS0.1 - AS 0.1- M3 1132.41
SD2 - HS0.2 - AS 0. 1- M1 915.45 SD8 - HS0.2 - AS 0.1- M3 926.39
SD3- HS0.3- AS 0. 1— M1 952.74 SD9 - HS0.3 - AS 0.1 — M3 966.80
SD4 - HS0.1 - AS 0.01- M1 1121.06 SD10 - HS0.1 - AS 0.1 — M4 1141.86
SD5 - HS0.2 - AS 0.01 - M1 930.05 SD11- HS0.2 - AS 0.1 — M4 940.42
SD6 - HS0.3 - AS 0.01- M1 983.08 SD12 - HS0.3 - AS 0.1 — M4 1103.76
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