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Abstract

In this study, a nonlinear dynamic analysis of a frame and single member, which reflect the characteristics of a plant facility, is performed
using the commercial MIDAS GEN program and the results are analyzed. The general structural members and material properties of the plant
are considered. The Newmark average-acceleration numerical-analysis method is applied to a plastic hinge to study material nonlinearity. The
blast load of a vapor-cloud explosion, a representative plant explosion, is calculated, and nonlinear dynamic analysis is conducted on a frame

and single member. The observed dynamic behavior is organized according to the ratio of natural period to load duration, maximum
displacement, ductility, and rotation angle. The conditions and range under which the frame functions as a single member are analyzed and
derived. NSFF with a beam-column stiffness ratio of 0.5 and ductility of 2.0 or more can be simplified and analyzed as FFC, whereas NSPF
with a beam-column stiffness ratio of 0.5 and ductility of 1.5 or more can be simplified and analyzed as FPC. The results of this study can serve

as guidelines for the blast-resistant design of plant facilities.

Keywords : plant facilities, vapor-cloud explosion, nonlinear dynamic analysis, blast-resistant design
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Table 1 Analysis model of frame and single member

Name Sturcture Model Support Condition
FFC Single Column Fixed-Fixed
FPC Single Column Fixed-Pinned
PPC Single Column Pinned-Pinned
SFF One-Story Frame Fixed (consider the side sway)
SPF One-Story Frame Pinned (consider the side sway)
NSFF One-Story Frame Fixed
NSPF One-Story Frame Pinned

Moment

M, |-

bn Curvature, ¢

Fig. 1 Elastic bilinear hysteresis model
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Table 2 Blast load according to stand-off distance

Stand-off Distance (m) 60 75 90 110 180

Overpressure (kPa) 188 117 82 57 26

Time Duration (ms) 56.8 | 62.6 | 674 | 723 | 83.9

Table 3 Blast load according to ductility

Ductility (1) 10 | 1.5 | 20 | 40 | 80

Overpressure (kPa) 96 103 107 119 132

Time Duration (ms) 652 | 643 | 63.7 | 625 | 613

Slab Load : 9.7kN/m

IR

Blast Load

Blast Load
B P
—
| |  ——
| —_—
||
— —
— —_—
z — —
1., 1§ .
Column Frame

Fig. 3 Direction of load on frame and single member
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Table 4 Natural period of frame and single member (unit : ms)

Mode 1 Mode 2 Mode 3
FFC 14.8 5.6 34
FPC 21.1 6.8 34
PPC 32.6 8.3 3.9
SFF 140.0 414 15.7
SPF 287.0 43.6 21.4
NSFF 409.0 16.4 154
NSPF 432.0 23.0 214
. I | . EE -
. " " |
FFC SFF NSFF
B L a SIIH [NNENEE,
n ! & | | | |
FPC SPF NSPF

Fig. 4 Mode shape of frame and single member
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Fig.5 Maximum displacement of frame and single member
depending on stand-off distance
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Table 5 Dynamic behavior of frame and single member according
to the stand-off distance

Stand-off Distance 60m

Type ta/Th Max dis. (mm) 7
FFC 3.84 253.6 39.34
FPC 2.69 602.0 84.60
PPC 1.74 1130.2 128.49
SFF 0.41 245.6 17.43
SPF 0.20 567.8 7.82
NSFF 2.01 249.6 38.14
NSPF 1.31 605.5 84.05
Stand-off Distance 75m
Type ty/Th Max dis. (mm) 7
FFC 4.23 23.59 3.69
FPC 2.97 114.03 16.93
PPC 1.92 409.20 51.47
SFF 0.45 90.47 6.33
SPF 0.22 149.28 2.16
NSFF 221 23.41 3.60
NSPF 1.45 111.92 16.42
Stand-off Distance 90m
Type ta/Ta Max dis. (mm) “
FFC 4.55 32 0.50
FPC 3.19 17.7 2.63
PPC 2.07 127.0 16.23
SFF 0.48 443 3.17
SPF 0.24 97.3 1.41
NSFF 2.38 44 0.68
NSPF 1.56 14.1 2.08
Stand-off Distance 110m
Type ta/Ta Max dis. (mm) “
FFC 4.89 2.10 0.33
FPC 3.43 5.10 0.76
PPC 222 11.20 1.43
SFF 0.52 25.24 1.80
SPF 0.25 63.87 0.93
NSFF 2.55 2.50 0.38
NSPF 1.67 5.65 0.83
Stand-off Distance 180m
Type ta/Ta Max dis. (mm) “
FFC 5.67 0.92 0.14
FPC 3.98 1.77 0.26
PPC 2.57 4.44 0.57
SFF 0.60 9.93 0.71
SPF 0.30 29.23 0.42
NSFF 2.96 1.18 0.18
NSPF 1.94 2.34 0.34
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Table 6 Dynamic behavior of frame and single member according
to the ductility

©=1.0
Type to/ T Max dis. (mm) 7
FFC 4.40 6.41 1.00
FPC 3.09 38.67 5.77
PPC 2.00 222.76 28.41
SFF 0.36 33.33 2.38
SPF 0.18 70.98 1.03
NSFF 1.19 6.84 1.05
NSPF 1.40 33.89 498
pr=15
Type to/ T Max dis. (mm) 7
FFC 434 9.61 1.50
FPC 3.05 57.58 8.59
PPC 1.97 281.44 35.78
SFF 0.35 36.43 2.60
SPF 0.17 79.35 1.15
NSFF 1.17 9.79 1.51
NSPF 1.12 53.48 7.86
©=20
Type ta/ Ty Max dis. (mm) VZ
FFC 431 12.82 2.00
FPC 3.02 73.02 10.89
PPC 1.95 319.33 40.49
SFF 0.35 38.78 2.77
SPF 0.17 80.26 1.16
NSFF 1.16 12.85 13.98
NSPF 1.11 69.75 10.25
©=4.0
Type ta/ Ty Max dis. (mm) VZ
FFC 422 25.61 4.00
FPC 2.96 120.99 18.01
PPC 1.92 422.64 53.17
SFF 0.34 45.30 3.17
SPF 0.17 112.56 1.63
NSFF 1.14 25.21 3.88
NSPF 1.09 119.32 17.50
©=28.0
Type ta/ Ty Max dis. (mm) VZ
FFC 4.14 51.26 8.00
FPC 2.90 191.87 28.46
PPC 1.88 552.14 68.57
SFF 0.34 60.07 4.29
SPF 0.17 182.16 7.67
NSFF 1.12 49.84 2.63
NSPF 1.07 192.96 28.20
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Fig. 6 Maximum displacement of frame and single member
depending on ductility
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Table 7 Maximum displacement of frame and single member
according to beam-column stiffness ratio

ol

Tkl

©=1.0
Type Stiffness) | 0.5 1.0 5.0 10.0
SFF 4060 | 3476 | 3333 | 3199 | 31.78
SPF 7632 | 7198 | 7098 | 6933 | 69.23
NSFF 1437 | 778 | 684 | 629 | 635
NSPF 5657 | 3116 | 3380 | 3706 | 37.70
pr=15
- Stiffness| | 05 1.0 50 10.0
SFF 4574 | 3850 | 3643 | 3474 | 34.49
SPF 82.18 | 78.12 | 7935 | 7892 | 79.74
NSFF 1918 | 1077 | 979 | 935 | 9.0
NSPF 8098 | 5220 | 5348 | 5623 | 56.66
©=20
Tyne Stiffness) | 05 1.0 5.0 10.0
SFF 4908 | 4112 | 3878 | 3671 | 3643
SPF 9354 | 8204 | 8026 | 7834 | 78.15
NSFF 295 | 1364 | 1285 | 1253 | 1270
NSPF 9872 | 6933 | 6975 | 7160 | 7221
©=40
Type Stiffness) | 0.5 1.0 5.0 10.0
SFF 6121 | 4832 | 4530 | 4261 | 4205
SPF 14136 | 11261 | 11256 | 114.68 | 115.00
NSEF 3739 | 2535 | 2521 | 25.11 | 2534
NSPF 15028 | 12151 | 11932 | 12025 | 120.49
©=2_8.0
Type Stiffness) | 05 1.0 5.0 10.0
SFF 7991 | 60.00 | 60.07 | 59.75 | 5537
SPF 211.06 | 184.03 | 18216 | 18245 | 182.68
NSFF 6473 | 4832 | 49.84 | 5035 | 5073
NSPF 22358 | 19623 | 19296 | 19127 | 191.54
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